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Abstract 
 
The earth tongue fungi are a relatively small but captivating group of fungi that have 
fascinated mycologists for over three hundred years. From the first mention of “Fungus 
ophioglossoides” in 1667 to the latest molecular genomic studies, earth tongues have often been 
on the cutting edge of mycological research. In the following dissertation, I present the results of 
six years of research into the earth tongue class Geoglossomycetes. I began my research shortly 
after the official breakup of the family Geoglossaceae sensu lato in 2009. At the beginning of my 
study, only three genera and 43 species were accepted in the class. Today, as a result of my 
research and others, a total of nine genera and over 70 species are considered to belong in 
Geoglossomycetes, and knowledge of their distribution and ecology has greatly increased. My 
research has served to provide a stable taxonomy and molecular framework for new and exciting 
studies, facilitating mycological research across a number of subjects including fungal 
conservation, ecology, and systematics and evolution of Ascomycota. 
Chapter One is a general introduction to the earth tongue fungi, cataloguing over three 
hundred years of mycological research on the topic. My first project (Chapter Two) is a small 
phylogenetic study examining the genus Nothomitra that was completed and published in 2011. 
Nothomitra was originally described in the family Geoglossaceae sensu lato, but following the 
redefinition of the family in 2009, the genus was considered incertae sedis within Helotiales. 
This study used a combined morphological and molecular approach using two regions of nuclear 
rDNA (ITS and LSU) and the protein-coding gene MCM7. Our dataset of 22 taxa, including 13 
ingroup species, was the largest publicly available data set of Geoglossomycetes at that time. In 
this study, we presented molecular and morphological evidence supporting the placement of 
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Nothomitra in Geoglossomycetes, clarifying the position of Nothomitra as a basal member of 
Geoglossomycetes, most closely aligned with the genus Sarcoleotia. Both Nothomitra and 
Sarcoleotia are characterized by capitate fertile hymenia clearly distinct from the sterile stipe, 
hyaline aseptate ascospores, and habitat in disturbed soil. This study included the first use of 
MCM7 in a phylogenetic study of Geoglossomycetes and the inclusion of Nothomitra in 
Geoglossomycetes greatly elucidated the basal relationships of the Geoglossomycetes clade. 
Chapter Three is a large phylogenetic study of Geoglossomycetes that was completed and 
published in 2013. This study used a combined morphological and molecular approach including 
the ITS and LSU regions of nuclear rDNA, as well as the protein-coding genes MCM7 and 
RPB1, to examine the largest dataset of Geoglossomycetes (24 total taxa, 15 ingroup species) 
publicly available at that time. In this study, we presented evidence showing that the viscid earth 
tongue, Geoglossum glutinosum, formed a separate and distinct lineage from the genus 
Geoglossum. We described the cryptic species Glutinoglossum heptaseptatum, that was 
separated from Glutinoglossum glutinosum by molecular and morphological data. Additionally, 
we described the genus Sabuloglossum to accommodate the species, Sabuloglossum arenarium, 
a species that is conservationally important in several European countries due to the rarity of 
occurrence and fragile habitat. 
Chapter Four is a project examining the issue of epitypification and the importance of 
using material of recent provenance in modern taxonomic mycological research that was 
completed and published in 2014. The focus of this project is the species Geoglossum simile, a 
species that is common in North America, but rare in Europe. The species was originally 
described in the late 19th century, but the original type specimen has been lost and only a few 
fragments of the syntype specimen remain. I examined collections of G. simile from North 
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America and Europe and found all Northern Hemisphere collections to be conspecific based on 
morphological and molecular data. We also designated a recent collection from North America 
as the epitype of the species. 
Chapter Five is a monographic study of the genus Glutinoglossum that was completed 
and published in 2015. In this chapter, four new cryptic species of Glutinoglossum were 
described: G. americanum from North America, G. australasicum from Australasia, G. exiguum 
from Australasia, and G. methvenii from New Zealand. As a result of this study, six species of 
Glutinoglossum are recognized, all of which were formerly considered to belong under one 
name, Geoglossum glutinosum. This study exemplifies the ubiquity of cryptic species in 
Geoglossomycetes and suggests that the class is likely highly more diverse than previously 
understood. 
Chapter Six is a study of the genus Maasoglossum completed and published in 2015. 
Maasoglossum is a rare genus of earth tongues described from temperate forests in the Eastern 
Himalayas in 1984. The genus Maasoglossum was described to accommodate a single species, 
M. verrucisporum, a rare species known only from a single collection. In this project, I 
elucidated the position of Maasoglossum as a basal member of Geoglossomycetes, most closely 
related to Nothomitra and Sarcoleotia. The peculiar morphology and habitat of these three 
genera provide an interesting insight into the evolution of Geoglossomycetes and illustrates the 
likely evolution of several characters of Geoglossomycetes separating these fungi from the 
closely related Leotiomycetes. 
Chapter Seven is a comprehensive phylogenetic examination of Geoglossomycetes. Each 
of the nine genera of Geoglossomycetes is discussed in detail including Hemileucoglossum, 
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which was circumscribed by Sabino Arauzo in 2014 to contain four species previously 
considered members of the genus Geoglossum. 
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CHAPTER 1: GENERAL INTRODUCTION 
 
 The phylum Ascomycota, commonly referred to as ascomycetes, contains over 64,000 
species (Kirk et al. 2008) and represents over 40% of all described fungi (Hawksworth et al. 
1995, Hawksworth 2001). These fungi are found throughout all ecosystems and geographic 
regions and convey a wide array of benefits and detriments to humanity ranging from antibiotic 
production to skin infections (Kendrick 2000). Many are small, inconspicuous parasites or 
endophytes of plants while others occur as saprobes on soil, leaf litter, decaying wood, or dung 
(Moore-Landecker 1996). Ascomycetes are also well known for forming the primary component 
of lichen symbiosis and establishing mycorrhizal symbioses with vascular plants and bryophytes 
(Kendrick 2000). Ascomycetes are commonly referred to as “sac fungi” because they produce 
their ascospores within sac-like structures known as asci (Eriksson 2009). 
A large diversity of morphology is found within the phylum Ascomycota, ranging from 
single-celled yeasts to large and complex ascomata such as morel mushrooms. One particularly 
interesting ascoma morphology is that of the “earth tongues.” Earth tongues, also referred to as 
“snake’s tongues” or “adder’s tongues,” are characterized by a terrestrial habitat, a sterile stipe 
ranging in size from 0.5 to 10 cm, and a distinct fertile hymenium that contains both the asci and 
sterile paraphyses. Earth tongues are widespread (having been reported from every continent 
except Antarctica) and evidence suggests that they exist in nature as both decomposers (Hustad 
and Miller 2015b) and mycorrhizal associates with flowering plants (Bergemann & Garbelotto 
2006, Wang et al. 2011). 
Background 
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 Earth tongues have been a subject of mycological inquiry for over 300 years. The earliest 
mention of an earth tongue fungus appears to be in Christopher Merret’s Pinax Rerum 
Naturalium Britannicarum (1667) where he reported finding a “Fungus ophioglossoides”, 
although it provides little more than a location of his observation in “Hample-wood”, in Britain 
(Fig. 1.1). John Ray in his Synopsis Methodica Stirpium Britannicarum vol. 2 (1696), reports 
(Fig. 1.2) “Fungus ophioglossoides niger. Black Adders-tongue Mushrome. In montosis pratis 
agri Westmorlandici.” This description most likely refers to a species of Geoglossum, although it 
is impossible to tell which. Westmorland is in the English Lake District and the two most 
common species of Geoglossum in this habitat are G. cookeanum and G. fallax (Paul Cannon, 
personal communication). Ray also described another earth tongue as “Fungus parvus luteus ad 
ophioglossoiden nigrum accedens. Yellow Adders-tongue Mushrome. In vivario Middletoniano, 
& alibi in pascuis copiosé.” This description most likely refers to a species of Microglossum, 
although the lack of a detailed description makes it impossible to know which species he is 
referencing. 
 Following Ray, the next mention of earth tongue fungi is found in Sébastien Vaillant’s 
(1727) Botanicon Parisiense. Vaillant described the genus Clavaria to include all species of 
fungi with erect, club-shaped fruiting bodies, including species of both Ascomycota and 
Basidiomycota. Vaillant described a fungus “Clavaria ophioglossoides nigra” and referred to 
Ray’s “Fungus ophioglossoides niger” in his discription (Fig. 1.3). Vaillant also provided a 
figure of his fungus (Fig. 1.4), which appears to show a species of Geoglossum. 
Carl Linnaeus introduced binomial nomenclature to science, and while mycology was not 
a main focus of his, he included 170 fungal species in his Species Plantarum (1753) (Kirk et al. 
2008). Linnaeus included Clavaria ophioglossoides in his fungal descriptions (Fig. 1.5) and 
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indicated Vaillant’s “Fungus ophioglossoides niger” as a synonym of this species. Johan 
Friedrich Gmelin described Clavaria atra in the 13th edition of Linnaeus’ Systema Naturae 
(1792). Casimir Christoph Schmidel included two species of earth tongues in his Icones 
Plantarum (1794). The first species was Clavaria ophioglossoides of Linnaeus (Figure 1.6, top). 
The second species he described as Clavaria simplex hirsuta, so named because of the prominent 
hairs extending from the ascocarp (Fig. 1.6, bottom). 
 The first truly modern taxonomic studies of earth tongues were undertaken by Christian 
Hendrick Persoon. Although Persoon’s taxonomic research dates from the 18th century, much of 
it is still accepted today. His Synopsis Methodica Fungorum (1801) remains the starting point for 
nomenclature of rusts, smuts, and gasteromycetes, and many of his described species of 
Ascomycota and Basidiomycota were sanctioned by later authors and remain in use today. 
Persoon’s taxonomy of earth tongues was widely accepted and remained unchanged until recent 
times.  
Persoon described the genus Geoglossum in 1794, transferring Linnaeus’ Clavaria 
ophioglossoides to the new genus as Geoglossum glabrum and designating it as the type species 
of the genus. Persoon described eight other species and three varieties of Geoglossum in several 
subsequent publications in 1796, 1797, 1799, 1801, and 1822. Among the species names 
proposed by Persoon was G. hirsutum as a replacement name for Gmelin’s Clavaria atra and 
Schmidel’s “Clavaria simplex hirsuta”. This species would later be designated by Émile Boudier 
(1885) as the type species of the genus Trichoglossum, which he separated from Geoglossum 
based on the presence of setae in the hymenium. Persoon also described the genera Spathularia 
and Leotia in 1797 and 1801, respectively. 
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The earth tongues were first placed into their own family, the Geoglossaceae, by August 
Carl Joseph Corda in 1838. Originally Corda’s Geoglossaceae contained only the genera 
Geoglossum and Spathularia; throughout the 19th and 20th centuries, other genera were added to 
the family including Corynetes (Hazslinszky 1881, = Geoglossum), Cudonia (Fries 1849), 
Gloeoglossum (Durand 1908, = Geoglossum), Leptoglossum (Saccardo 1884, = 
Hemileucoglossum), Leucoglossum (Imai 1942), Microglossum (Gillet 1879), Mitrula (Fries 
1821), Scleromitrula (Imai 1941), Spathulariopsis (Maas Geesteranus 1972), Trichoglossum 
(Boudier 1885), and Vibrissea (Fries 1822).  
Following the initial description of Geoglossaceae in 1838, several regional monographs 
of earth tongues were produced. In the United Kingdom, Mordecai Cubitt Cooke’s earth tongue 
research is best summarized in his Mycographia seu Icones Fungorum (1875, 1878). Cooke 
included twenty species in his works and described six new species, although only three of his 
species (Geoglossum australe, G. peckianum, Trichoglossum farlowii) remain valid. George 
Massee’s monograph of the Geoglossaceae (1897) is the most extensive single treatment of earth 
tongues from the 19th Century, focusing primarily on species from Europe. Massee also included 
the earliest phylogenetic hypotheses of earth tongues (Figs. 1.6 and 1.7). 
 Elias Judah Durand was an American mycologist who specialized in earth tongues among 
other ascomycetes (Jennings 1923). His treatment of Geoglossaceae in 1908 was the first 
comprehensive examination of these fungi to include many species from North America, 
containing descriptions of 42 species of Northern Hemisphere Geoglossaceae. Durand described 
eight species and eight new combinations of earth tongue species from North America and 
Europe. Durand also described the genus Gloeoglossum to include only the members of 
5 
 
Geoglossum with viscid stems. Later, in 1921, Durand described Trichoglossum confusum from 
collections made in North Carolina and Trichoglossum wrightii from Bermuda. 
 Edwin Butterworth Mains undertook the next major study of earth tongues from North 
America and published two major monographs on the Geoglossaceae. His treatments of the 
hyaline-spored (1955, 1956) and dark-spored (1954) species of Geoglossaceae were major 
monographs and remain relevant today. Mains described eleven varieties of Geoglossum and 
Trichoglossum, but only one species of Trichoglossum. 
 Throughout the rest of the 20th century and into the 21st, the majority of research on earth 
tongues focused on regional monographs. Substantial monographs of the earth tongue mycobiota 
were published for all continents except for Africa. Europe, particularly Scandinavia, was 
heavily represented during this time with the following major monographs pubished 
documenting the earth tongues of the following countries and regions: Denmark (Bille-Hansen 
1954), Finland (Ohenoja 1995), France (Priou 2002, Moingeon & Moingeon 2003), Germany 
(Benkert 1976), Iceland (Hallgrimsson 1987), The Netherlands (Maas Geesteranus 1964b, 
Roobeek 2009), Norway (Imai 1940, Eckblad 1963, Hakelier 1967, Jørgensen & Vevle 1968, 
Olsen 1986), Scandanavia (Ohenoja 2000), Spain (Arauzo & Iglesias 2014), Sweden (Nannfeldt 
1942, Hakelier 1964), and the United Kingdom (Dennis 1978). 
 Monographs of North American earth tongues were prepared for Canada (Durand 1908, 
Seaver 1951, Mains 1954, 1955, 1965, Grund & Harrison 1967, Voitk 2013) and the United 
States (Durand 1908, Lloyd 1916, Seaver 1951, Mains 1954, 1955, 1956). Several monographs 
also focused on the earth tongue mycobiota of Asia including China (Imai 1934, Teng 1934, 
Imai 1941, Tai 1944, Imai 1955, Zhuang 1998), India (Maas Geeseteranus 1965, Patil 1994, 
Prasher & Sharma 1997), and Japan (Imai 1941, 1942, 1962). 
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The earth tongue mycobiota of the Southern Hemisphere has been comparatively 
understudied. Patoulliard (1915) and Spooner (1987) produced the only substantial treatments of 
Australasian earth tongues. In South America, reports by Gamundi (1977) and Hladki & Romero 
(2009) are the only substantial mentions of earth tongues from that region. 
Molecular research 
 The first molecular phylogenetic studies of the earth tongues suggested that earth tongues 
were not a monophyletic group (Gernandt et al. 1998, Zhong et al. 1999). These preliminary 
studies were soon followed by more complete ones. In her doctoral dissertation at Oregon State 
University, Jamie Platt (2000) presented the first molecular phylogeny to include a number of 
different genera and species of the earth tongues. With a phylogeny using small subunit (SSU) 
and large subunit (LSU) regions of the nuclear ribosomal DNA, she found that earth tongues 
were represented in three separate and well-supported clades: Spathularia and Cudonia in one 
clade with other non-earth tongue species, Leotia and Microglossum in a second with other non-
earth tongue species, and Geoglossum, Sarcoleotia, and Trichoglossum in a third and basal clade. 
Platt suggested a narrower circumscription of the family Geoglossaceae, including only 
Geoglossum, Sarcoleotia, and Trichoglossum, but did not make the taxonomic changes. 
Gernandt et al. (2001), using only SSU, presented a phylogenetic study that supported the 
separate clades of Leotia/Microglossum and Cudonia/Spathularia. 
Pfister & Kimbrough (2001) also presented a phylogeny that suggested that 
Geoglossaceae sensu lato was not monophyletic and occupied three distinct lineages as outlined 
by Platt (2000). Wang et al. (2002, 2005) produced similar phylogenies using the internal 
transcribed spacer (ITS) region of the nuclear ribosomal DNA in addition to the SSU and LSU 
regions. Wang et al. (2005, 2006) reaffirmed the presence of the “Geoglossum Clade” containing 
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Geoglossum, Sarcoleotia, and Trichoglossum as a basal member of the inoperculate ascomycetes 
separate from other genera of earth tongues. 
For her Candidate of Sciences thesis at the University of Oslo, Anne Sandnes (2006) 
sampled 46 taxa, including 21 species of Geoglossum and three species of Trichoglossum for the 
ITS and LSU regions. Her combined analysis agreed with previous findings showing three clades 
of earth tongues: Cudonia/Spathularia, Leotia/Microglossum, and 
Geoglossum/Sarcoleotia/Trichoglossum. Her sampling of species produced the largest dataset of 
earth tongue sequences generated to that point and her phylogenies are the earliest indication of 
the paraphyly of the genus Geoglossum that is further explored in Chapter Three of this 
dissertation. 
Formal taxonomic changes were finally made to the earth tongues by Schoch et al. (2009) 
using a six-gene molecular phylogeny including ITS, LSU, SSU, transcription elongation factor 
1 alpha (TEF1), and the largest and second largest subunits of the RNA polymerase II gene 
(RPB1 and RPB2). This study resulted in a reduced concept of the Geoglossaceae (often referred 
to as Geoglossaceae sensu stricto) restricted only to the genera Geoglossum, Sarcoleotia, and 
Trichoglossum. Schoch et al. (2009) also described the order Geoglossales and the class 
Geoglossomycetes to contain the Geoglossaceae sensu stricto. 
I began my dissertation research on Geoglossomycetes shortly following the publication 
of the Schoch et al. (2009) paper. Before I began my studies, the majority of Geoglossomycetes 
research was centered on a limited number of genera and species. While Sandnes (2006) 
included a large number of species in her analysis, the sequences were never made publicly 
available and all attempts to obtain them have been unsuccessful. As a result, only five species 
from three genera (Geoglossum glabrum, G. nigritum, G. umbratile, Sarcoleotia globosa, and 
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Trichoglossum hirsutum) were publicly available when I began my research. Subsequent 
publications by Wang et al. (2011), Arauzo & Iglesias (2014), and my own research have 
increased the number of sequenced species in Geoglossomycetes to over fifty. 
My research, along with research by Arauzo & Iglesias (2014), has increased the number 
of genera accepted in Geoglossomycetes from three to nine. Chapter Two of this dissertation 
discusses the inclusion of Nothomitra in Geoglossomycetes. Chapter Three discusses the 
separation of Glutinoglossum and Sabuloglossum from Geoglossum. Chapter Five more 
thoroughly investigates the genus Glutinoglossum and Chapter Six discusses the inclusion of 
Maasoglossum within Geoglossomycetes. 
Chapter Four discusses the designation of an epitype specimen of the fungus Geoglossum 
simile, a common component of the earth tongue mycobiota of North America. Because many 
species of Geoglossomycetes were described over 100 years ago and were often poorly 
preserved in fungaria or subsequently lost or destroyed, epitypification of many species is 
necessary to designate material of later provenance for molecular research. This paper was the 
first to designate an epitype of a species of Geoglossomycetes and sets precedent for future 
researchers to epitypify other species of earth tongues. 
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CHAPTER 2: INCLUSION OF NOTHOMITRA IN GEOGLOSSOMYCETES1 
 
ABSTRACT 
 
Nothomitra is a small genus of earth tongues consisting of three species. Historically placed 
within the Geoglossaceae sensu lato, the genus is currently considered incertae sedis within the 
Helotiales. We reviewed the morphology and analyzed the phylogenetic relationships of 
Nothomitra using a combined dataset of ITS, LSU and MCM7 DNA sequences representing 22 
species. The placement of Nothomitra was strongly supported within the Geoglossomycetes 
clade, forming part of the ancestral base of the class with Sarcoleotia globosa and Thuemenidium 
arenarium. The inclusion of Nothomitra in Geoglossomycetes is confirmed.  
 
INTRODUCTION 
 
Earth tongues are among the most widely distributed groups of fungi on earth and have been a 
subject of mycological inquiry since Persoon first described Geoglossum in the late 18th century. 
Genera typically referred to as earth tongues include Geoglossum, Trichoglossum, 
Microglossum, Leotia, and Spathularia. During the last 200 years, numerous genera and species 
have been included and removed from this group based primarily on morphological data. Recent  
______________________ 
1This chapter appeared in its entirety in the journal Mycosphere and is referred to later in this dissertation as “Hustad 
et al. 2011”. Hustad VP, Miller AN, Moingeon J-M, Priou J-P. Inclusion of Nothomitra in Geoglossomycetes. 2(6): 
646–654. This article is reprinted with permission of the publisher and is available from 
http://www.mycosphere.org/vol-2-issue6.php#article5 using DOI 10.5943/mycosphere/2/6/5 
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 molecular studies (Pfister and Kimbrough 2001, Wang et al. 2006a and b, Schoch et al. 2009a, 
Ohenoja et al. 2010) have suggested earth tongues are not a monophyletic group and this resulted 
in the introduction of the class Geoglossomycetes (Schoch et al. 2009a), which contains four 
genera and approximately 50 species. Currently included within the Geoglossomycetes are 
Geoglossum (22 species), Sarcoleotia (4 species), Thuemenidium (5 species), and Trichoglossum 
 (19 species) (Kirk et al. 2008). However, several genera formerly included within the 
Geoglossaceae sensu lato are currently considered incertae sedis and the placement of these taxa 
within the Pezizomycotina is unknown. 
The monotypic genus Nothomitra was introduced by Maas Geesteranus (1964a) to 
accommodate N. cinnamomea Maas Geest., which was described from specimens collected in 
Upper Austria during the autumn of 1962. Three species are accepted in the current concept of 
the genus following the additions of Nothomitra kovalii Raitviir (1971) from Kunashir in the 
Kuril Islands and Nothomitra sinensis Zhuang and Wang (1997) from China. At present, 
Nothomitra is only known to occur in Europe and Asia, though extensive distribution data is 
lacking. All species in Nothomitra are terrestrial with N. cinnamomea reported growing amongst 
Sphagnum, N. kovalii reported from rocky soil, and N. sinensis reported from mossy soil in 
coniferous forests. Nothomitra is found across a wide range of altitudes. N. cinnamomea is 
recorded from the European Alps from 670 to 1100 m elevation, Nothomitra kovalii is found 
between 400–800 m elevation on Mt. Mendeleyeva in the Kuril Islands, whereas N. sinensis is 
described from the Qilian Mountains in Northern China at 2850 m elevation. 
Nothomitra is characterized by the distinct free edge of the hymenium at the junction of 
the stipe, unlike Microglossum in which the hymenium intergrades with the stipe on the flattened 
sides (see Fig. 2.1C). Nothomitra is also differentiated from Microglossum in that the fertile head 
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of the ascocarp is not flattened as in Microglossum, and the internal stipe hyphae of Nothomitra 
are parallel and easily separable versus the interwoven and agglutinated hyphae found in 
Microglossum. These morphological differences were cited by Maas Geesteranus (1964a) as 
evidence that Nothomitra is not congeneric with Microglossum. However, Moingeon and 
Moingeon (2004) argued that these characters were not sufficient to support Nothomitra as a 
separate genus and advocated the placement of N. cinnamomea into Microglossum, thereby 
rendering the genus Nothomitra a synonym.  
Since the importance of the morphological differences between Nothomitra and 
Microglossum are disputed as is the taxonomic placement of Nothomitra, it is necessary to 
evaluate molecular characters in order to determine the phylogenetic relationships of this genus. 
As such, the purpose of this study is to include Nothomitra in a modern phylogenetic analysis for 
the first time to determine its placement within the Pezizomycotina and to provide detailed 
insight into the systematics of the Geoglossomycetes using a multigene phylogeny. 
 
MATERIALS AND METHODS 
 
Generation of Molecular Data 
Total genomic DNA was extracted from dried ascomata using a QIAGEN DNeasy Plant 
Mini Kit (QIAGEN Inc., Valencia, California) and gene fragments were PCR amplified and 
sequenced following the methods outlined in Promputtha and Miller (2010) and Raja et al. 
(2011). Gene fragments were amplified using the following sets of primers: ITS1 and ITS4 
(White et al. 1990) for the internal transcribed spacer (ITS) region of nrDNA; JS1 (Landvik 
1996) and LR6 (Vilgalys and Hester 1990) for the partial 28S nuclear ribosomal large subunit 
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(LSU) of nrDNA; 709F and 1348R (Schmitt et al. 2009) for the DNA replication licensing factor 
MS456 (MCM7). 
These genes were chosen because: a) they provide appropriate resolution at various 
taxonomic levels (i.e. species to class), b) fungal and ascomycete–specific primers have been 
developed for these genes, c) a large number of available sequences are available from GenBank 
because previous researchers (e.g. Wang et al. 2006a and b, Schoch et al. 2009a, Ohenoja et al. 
2010, Hustad and Miller 2011) have used the nuclear ribosomal genes to effectively reconstruct 
phylogenies within Geoglossomycetes and neighboring groups, d) based on our preliminary data 
(Raja et al. 2011), MCM7 shows promise for reconstruction of accurate species-level to class-
level phylogenies, and, e) incorporating both ribosomal and protein–coding genes allows for 
higher certainty in assessing phylogenetic relationships. 
 
Sequence Alignment and Phylogenetic Analyses 
Each generated ITS and LSU sequence fragment was subjected to an individual blast 
search to verify its identity. MCM7 sequences were only used from specimens which provided 
reliable ITS and/or LSU sequences. Sequences were assembled using Sequencher 4.9 (Gene 
Codes Corp., Ann Arbor, Michigan), optimized by eye and manually corrected when necessary. 
Alignments of individual genes were created manually by eye in Sequencher 4.9 or using Muscle 
3.7 (Edgar 2004) in Seaview 4.2 (Galtier et al. 1996). Individual gene datasets were then 
analyzed using Gblocks 0.91b (Castresana 2000) to identify and remove ambiguous regions from 
the alignment.  
The Akaike Information Criterion (AIC) (Posada and Buckley 2004) as implemented in 
jModelTest 0.1.1 (Posada 2008) determined GTR+I+G as the best fit model of evolution for both 
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maximum likelihood and Bayesian inference. Maximum likelihood analyses were performed 
using PhyML (Guindon and Gascuel 2003) under the GTR substitution model with six rate 
classes and invariable sites optimized. A BioNJ starting tree was constructed and the best of 
nearest neighbor interchange (NNI) and subtree pruning and regrafting (SPR) tree improvement 
was implemented. Bootstrap support (Felsenstein 1985) (BS) was determined with 100 bootstrap 
replicates. Clades with >70% BS were considered significant and highly supported (Hillis and 
Bull 1993). 
Bayesian inference employing a Markov Chain Monte Carlo (MCMC) algorithm was 
performed using MrBayes 3.1.2 (Huelsenbeck and Ronquist 2001) as an additional means of 
assessing branch support. The GTR+I+G model with six rate classes was employed. Four 
independent chains of MCMC were run for 10 million generations to insure that trees were not 
trapped in local optima. Clades with Bayesian posterior probability (BPP) >95% were considered 
significant and highly supported (Alfaro et al. 2003). 
The individual ITS, LSU, and MCM7 datasets were examined for potential conflict 
before concatenation into a single dataset for total evidence analysis (Kluge 1989, Eernisse and 
Kluge 1993). The individual gene phylogenies were considered incongruent if clades with 
significant ML bootstrap and Bayesian posterior probability (≥70% BS or ≥95% BPP) were 
conflicting in the individual tree topologies (Wiens 1998, Alfaro et al. 2003, Lutzoni et al. 2004). 
As no incongruencies were found among the three individual data sets, they were concatenated 
using Seaview 4.2 and subjected to phylogenetic analyses as above. 
 
RESULTS 
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Morphology 
Nothomitra cinnamomea Maas Geest., Persoonia 3(1): 92, 1964a 
= Microglossum cinnamomeum S. Moingeon & J.M. Moingeon, Miscellannea 
Mycologica 80–81:31, 2004 
Holotype: Austria, Attergau, Fehra Moos, SW of St. Georgen, 29 September 1969, J.T. Palmer 
11391. L 962.271–144. 
Ascomata scattered to gregarious occurring in soil, 1–3.3 cm high, hymenium borne on 
variously-shaped fertile heads, head glabrous, spathulate to obovoid or subglobose with 
concolorous wavy lobes, pale cinnamon to olivaceous, darkening with age, 3–9 mm broad (Fig. 
2.1A, B), hymenium distinctly separated from stipe (Fig. 2.1C), stipe straight or flexuous, terete, 
tapering towards base, ochraceous above becoming paler toward base, squamulose above, 
becoming glabrous at base, 0.7–2.4 cm high. Hyphae at center of stipe easily separated, often 
swollen at the septa, thin–walled and often branched. Hyphae near the periphery of the stipe thin-
walled and tightly bundled. Paraphyses filiform, upper cells hyaline, with brownish guttules in 
lower cells, septate, sometimes branched at apex or base, curved at the apex, slightly longer than 
asci, 1–1.5 µm wide, expanding to 2–3 µm wide at apex. Asci cylindrical–clavate, with crosiers, 
inoperculate, apical ring euamyloid, deep blue in IKI, small, not occupying entire apex, 150–180 
× 9.5–12.5µm (Fig. 2.1B), 8–spored, biseriate. Ascospores fusiform to narrowly obclavate, 
rounded at apex, acute at base, hyaline, smooth, multi-guttulate, single–celled in ascus, becoming 
up to 5–septate when mature or old, 35–47 (–55) × 3.5–5.5 (–6) µm (Fig. 2.1D).  
Habitat: Growing among Sphagnum and Aulocomnium palustre (Hedw.) Schwägr., often 
accompanying Geoglossum sphagnophilum Ehrenb. September–October. 
Distribution: Known from Austria and France. 
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Anamorph: Unknown. 
Material examined – France, Jura, Bellefontaine, September 2001, 1100 m, leg. J.M. Moingeon 
s.n., ILLS Acc. ANM463; ILLS Acc. ANM538; ILLS Acc. ANM540; October 2001, leg. J.M. 
Moingeon s.n., ILLS Acc. ANM549. 
Phylogenetic analyses 
Twenty-two taxa were included in the final analyses (Table 1). MCM7 data for Microglossum 
olivaceum and Sarcoleotia globosa were not available. The final data matrix had an aligned 
length of 2720 base pairs, which was reduced to 2091 after the removal of 629 ambiguous 
characters by Gblocks. Of the 2091 characters used in the final analyses, 76 were constant, 819 
were parsimony–uninformative, and 1196 were parsimony informative. The maximum 
likelihood tree produced from the combined ITS, LSU, and MCM7 dataset is presented in Fig. 
2.2. The topology of Geoglossomycetes is congruent with those produced from similar analyses 
including Geoglossomycetes taxa (Schoch et al. 2009a, Ohenoja et al. 2010, Wang et al. 2011). 
Two major clades are present and strongly supported in our analyses: the Leotiomycetes clade 
(BP=100%, PP=1.0) and the Geoglossomycetes clade (BP=100%, PP=1.0). Nothomitra 
cinnamomea was placed within Geoglossomycetes as a sister taxon to Sarcoleotia globosa with 
moderate support (BS=78%). Geoglossum occurred as a strongly supported monophyletic group 
(BP=100%, PP=1.0), whereas Trichoglossum was paraphyletic. 
 
DISCUSSION 
 
Our analyses confirm Nothomitra cinnamonmea as a strongly supported member of 
Geoglossomycetes, closely aligned with Sarcoleotia globosa as the most basal members of the 
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class. Morphologically, S. globosa is rather similar to N. cinnamomea (Fig. 2.3). Both species 
possess a distinct capitate hymenium that is clearly separated from the stipe when mature, but the 
margin of the hymenium is completely free in N. cinnamomea and inrolled in S. globosa. Both 
species also possess hyaline ascospores that develop 3–5 septa upon maturation. Lastly, both 
species are terrestrial and collection data suggests that an association with mosses exists in both 
species (Maas Geesteranus 1964a, Schumacher and Silvertsen 1987). These morphological and 
ecological similarities support the close phylogenetic relationship of N. cinnamomea and S. 
globosa revealed by the molecular phylogeny (Fig. 2.2). 
Another morphological feature that links N. cinnamomea within Geoglossomycetes is 
that the hyphae at the axis of the stipe are not agglutinated and easily separable, a character 
commonly seen in Geoglossomycetes. Maas Geesteranus (1964a) cited this character in his 
original proposal to separate Nothomitra from Microglossum, and this character appears to be 
one of the few conserved characters throughout the class. As in previous molecular based 
phylogenies (Wang et al. 2006a and b, Schoch et al. 2009a, Ohenoja et al. 2010), Microglossum 
olivaceum and Thuemenidium atropurpureum were shown to occur in the Leotiomycetes. Both 
Microglossum and Thuemenidium possess hyaline ascospores but this character is not sufficient 
to exclude these genera from Geoglossomycetes since several Geoglossum species possess 
hyaline ascospores. Microglossum can be delineated from Geoglossomycetes based on its 
ascomata that range from brightly colored to brown. Thuemenidium is a polyphyletic genus 
composed of at least two disparate species, T. arenarium, which belongs in Geoglossomycetes, 
and T. atropurpureum, shown by this study and Ohenoja et al. (2010) to belong in 
Leotiomycetes. Thuemenidium atropurpureum produces ascomata ranging from brown to 
purplish black, whereas T. arenarium does not possess any purplish coloration. The 
17 
 
Geoglossomycetes are an early-diverging lineage appearing on a long branch within the 
Ascomycota and further molecular research is needed in the group to construct a comprehensive 
phylogeny of the class. Several genera have historically been associated within this group which 
are now considered incertae sedis (e.g. Hemiglossum Pat., Leucoglossum Imai, and 
Maasoglossum Thind and Sharma), and representatives from these genera need to be examined 
using molecular phylogenies to fully understand their place within the Pezizomycotina. 
Moreover, several species complexes are likely present within the group and Australasian 
lineages appear to have origins entirely separate from Northern Hemisphere counterparts (Wang 
et al. 2011). Further molecular data are also needed to provide accurate reference sequences for 
environmental sampling as ongoing efforts in this field may shed some light on the enigmatic 
host associations within Geoglossomycetes.
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CHAPTER 3: THE GENERA GLUTINOGLOSSUM AND SABULOGLOSSUM2 
 
ABSTRACT 
 
The fungal class Geoglossomycetes is a recently created class of Ascomycota, currently 
comprised of one family (Geoglossaceae) and five genera (Geoglossum, Nothomitra, 
Sarcoleotia, Thuemenidium, and Trichoglossum). These fungi, commonly known as earth 
tongues, have long been a subject of mycological research. However, the taxonomy within the 
group has historically been hindered by the lack of reliable morphological characters, uncertain 
ecological associations, and the inability to grow these species in culture. The phylogenetic 
relationships of Geoglossomycetes were investigated by conducting maximum likelihood and 
Bayesian analyses using a four-gene dataset (ITS, LSU, MCM7, RPB1). Five well-supported 
monophyletic clades were found that did not correspond exactly with the currently recognized 
genera, necessitating a taxonomic revision of the group. Two new genera are proposed: 
Glutinoglossum to accommodate G. glutinosum and the newly described species G. 
heptaseptatum, and Sabuloglossum to accommodate S. arenarium. The type species of 
Thuemenidium, traditionally included within the Geoglossaceae, is confirmed as belonging to a 
separate lineage that is only distantly related to Geoglossomycetes. 
 
INTRODUCTION 
 
______________________ 
2This chapter appeared in its entirety in the journal Persoonia and is referred to later in this dissertation as “Hustad et 
al. 2013”. Hustad VP, Miller AN, Dentinger BTM, Cannon PF. Generic circumscriptions in Geoglossomycetes. 31: 
101–111. This article is reprinted with permission of the publisher and is available from 
http://www.ingentaconnect.com/content/nhn/pimj/2013/00000031/00000001/art00006 using DOI 
10.3767/003158513X671235 
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Schoch et al. (2009a) created the class Geoglossomycetes and the order Geoglossales to 
contain three genera (Geoglossum, Sarcoleotia, and Trichoglossum) in Geoglossaceae, which 
was previously placed in Leotiomycetes. Fifty-three species in five genera (Geoglossum (22 
species), Nothomitra (3 species), Sarcoleotia (4 species), Thuemenidium (5 species), and 
Trichoglossum (19 species) are currently accepted in Geoglossomycetes (Kirk et al. 2008, 
Hustad et al. 2011); though many synonyms, dubiousnames, and invalid names have been 
published in the group to date. Furthermore, several varieties and other infraspecific taxa have 
been recognized within the genera Geoglossum and Trichoglossum.  
Geoglossomycetes are typically characterized by large, dark, club-shaped, terrestrial 
ascocarps with a fertile hymenium originating at the apex of the ascocarp, eventually 
intergrading with (Geoglossum and Trichoglossum) or abruptly terminating at (Nothomitra and 
Sarcoleotia) a sterile stipe. Geoglossomycetes ascospores range from dark brown to black, 
fusiform and multiseptate (Geoglossum and Trichoglossum), to light-colored to hyaline, 
ellipsoid-fusiform and sparsely septate (Nothomitra and Sarcoleotia). Many morphological 
characters used to separate taxa are ambiguous within the group, as evidenced by more than 200 
years of confusing classification at not only the species level, but also at higher taxonomic ranks. 
Identification of species is frequently compromised by a lack of appreciation that spore 
pigmentation and septation may not develop until a very late stage. Geoglossomycetes have been 
reported from every continent except Antarctica and are common components of many temperate 
and tropical mycobiota. Although previously identified in molecular environmental samples of 
soil hyphae and root endophytes (Bergemann & Garbelotto 2006, Wang et al. 2011), clear 
ecological connections between these fungi and plant hosts are lacking. Furthermore, the 
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ascospores of these taxa do not germinate in culture, and their anamorphic states (if they exist) 
are unknown (Wang et al. 2006). 
Despite being the focus of a number of morphological studies, modern molecular 
phylogenetic analyses of Geoglossomycetes are sparse. GenBank currently houses sequences 
from only 17 of 53 Geoglossomycetes traditionally included in Geoglossomycetes (Ohenoja et 
al. 2010). Preliminary molecular studies (Pfister & Kimbrough 2001, Wang et al. 2005) indicate 
that Geoglossaceae (as circumscribed at the time) does not form a monophyletic clade within 
Leotiomycetes leading these authors to propose removal of several taxa from Geoglossaceae. 
These studies suggest that the inoperculate method of ascus dehiscence is not a sufficiently 
significant character to continue to group all earth tongues within Leotiomycetes and that several 
taxa form a separate monophyletic clade basal to Leotiomycetes deserving of a higher taxonomic 
rank. Sandnes (2006) examined nrDNA and found Geoglossum, Sarcoleotia and Trichoglossum 
to form a monophyletic clade. Using a six-gene phylogeny with five ingroup species, Schoch et 
al. (2009a) found these genera to form a monophyletic group basal to Leotiomycetes and 
proposed the class Geoglossomycetes and order Geoglossales to contain Geoglossum, 
Sarcoleotia, and Trichoglossum within a single family, the Geoglossaceae. Ohenoja et al. (2010) 
recognized the wide separation between Geoglossum and the type species of Thuemenidium, 
although they did not complete the taxonomic work necessary to revise the latter genus. 
Recently, Hustad et al. (2011) included Nothomitra in Geoglossomycetes based on a three-gene 
phylogeny. 
Taxa assigned to Geoglossomycetes are considered to be of conservation significance in 
several European countries. There, many species are typical members of “unimproved grassland” 
(non-intensively managed semi-natural grassland habitats that have not been treated with 
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nitrogen fertilizer). The number of species present, along with those from three other fungal 
groups (the Clavariaceae, Entolomataceae and Hygrophoraceae) has been used as a proxy for 
grassland health, impacting on conservation value assessments (Newton et al. 2003, Genney et 
al. 2009). Thuemenidium atropurpureum, until recently assumed to be part of the 
Geoglossomycetes clade, is listed under UK legislation (under its synonym Geoglossum 
atropurpureum) as a UK Priority species (http://jncc.defra.gov.uk/_speciespages/2290.pdf) 
within the national Biodiversity Action Plan. Species of Geoglossomycetes are included in the 
Norwegian (Kålås et al. 2010), Swedish (Gärdenfors et al. 2010) and Swiss (Senn-Irlet et al. 
2007) Red Data Lists. 
The goal of this study was to examine the phylogenetic relationships within 
Geoglossomycetes and its component genera using a robust four-gene phylogeny with the largest 
sampling of species to date. 
 
MATERIALS AND METHODS 
 
Morphological analysis 
Specimens were identified based on the morphology of ascomata and microscopic characters 
using the pertinent literature (e.g. Massee 1897, Durand 1908, Imai 1941, Nannfeldt 1942, Mains 
1954, Maas Geesteranus 1964a, Roobeek 2009, along with original species descriptions). Mature 
ascospores were obtained for measurement by tapping ascomata in a drop of water on a slide 
(Mains 1954). Ascomata were hand-sectioned and squash-mounted in water and images of 
micromorphological characters were captured with a QImaging QColor3 digital camera mounted 
on an Olympus BX51 compound microscope using differential interference microscopy. Images 
22 
were processed using Adobe Photoshop v. 7.0 (Adobe Systems Inc., Mountain View, California). 
A minimum of 30 measurements was taken for all micromorphological structures when possible 
using NIH Image v. 1.63 (National Institutes of Health, Bethesda, Maryland). 
 
Molecular procedures  
Total genomic DNA was extracted from dried ascomata using a QIAGEN DNeasy Plant Mini 
Kit (QIAGEN Inc., Valencia, California) and gene fragments were PCR amplified and 
sequenced following the methods outlined in Promputtha & Miller (2010) and Raja et al. (2011). 
The internal transcribed spacer (ITS) region of nuclear ribosomal (nrDNA), consisting of the 
ITS1, 5.8S, and ITS2 regions, was amplified and sequenced using a combination of the primers 
ITS1F (Gardes & Bruns 1993), ITS5, ITS1, ITS4 (White et al. 1990) and ITS4A (Larena et al. 
1999). A variety of primer combinations were used during amplification due to the frequent 
presence of introns in the 3’ end of the adjacent 18S ribosomal small subunit in 
Geoglossomycetes. The 28S large subunit (LSU) nrDNA region was amplified using JS1 
(Landvik 1996) and LR6 (Vilgalys & Hester 1990) and sequenced with these primers in addition 
to the internal primers LR3 (Vilgalys & Hester 1990) and LR3R (Rehner & Samuels 1995). 
  In addition to the ribosomal genes, two protein coding genes were also used to infer 
taxonomic relationships at both lower and higher taxonomic levels. The minichromosome 
maintenance complex component 7 (MCM7) gene is a single-copy gene that codes for a DNA 
replication licensing factor required for DNA replication initiation and cell proliferation (Moir et 
al. 1982, Kearsey & Labib 1998). MCM7 has been found to produce highly accurate phylogenies 
in fungi (Aguileta et al. 2008, Schmit et al. 2009), and it has been shown to be reliable across a 
wide range of ascomycete taxa, including Geoglossomycetes (Raja et al. 2011). The primers 
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709F and 1348R (Schmitt et al. 2009) were used for PCR amplification and sequencing MCM7. 
The second protein-coding gene used in this analysis was the RNA polymerase II subunit 1 
(RPB1) gene. RPB1 codes the large subunit of RNA polymerase II, the polymerase responsible 
for synthesizing messenger RNA in eukaryotes. RPB1 was shown by Schoch et al. (2009b) to 
have the highest per-site informativeness (Townsend 2007) across six genes in the Ascomycota. 
The primers RPB1af (Stiller and Hall 1997) and RPB1cr (Matheny et al. 2002) were used for 
amplification and sequencing of the RPB1 gene. 
 
Phylogenetic analyses 
Alignments of individual genes were created manually by eye in Sequencher 4.9 or by using 
Muscle v. 3.7 (Edgar 2004) in Seaview v. 4.2 (Galtier et al. 1996). Ambiguous regions were 
removed from the individual gene datasets using Gblocks v. 0.91b (Castresana 2000) under the 
following parameters: minimum number of sequences for both conserved and flanking regions = 
22, maximum number of contiguous nonconserved positions = 8, minimum length of a block = 
10, and allowed gap positions in 30 sequences. The Akaike Information Criterion (AIC) (Posada 
& Buckley 2004), implemented using jModelTest v. 0.1.1 (Posada 2008), determined GTR+I+G 
as the best-fit model of evolution for all four genes and this model was used in both maximum 
likelihood and Bayesian inference. Maximum likelihood analyses were performed using PhyML 
(Guindon & Gascuel 2003) under the GTR substitution model with six rate classes and invariable 
sites optimised. An unrooted BioNJ starting tree was constructed and the best of nearest 
neighbour interchange (NNI) and subtree pruning and regrafting (SPR) tree improvement was 
implemented during the heuristic search. Nonparametric bootstrap support (Felsenstein 1985) 
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(BS) was determined with 100 replicates. Clades were considered significant and highly 
supported when BS > 70 % (Hillis & Bull 1993).  
Bayesian inference employing a Markov Chain Monte Carlo (MCMC) algorithm was 
performed using MrBayes v. 3.1.2 (Huelsenbeck & Ronquist 2001) on the CIPRES Science 
Gateway Teragrid (Miller et al. 2010) as an additional means of branch support. The GTR+I+G 
model with six rate classes was employed. Four independent chains of MCMC were run for 10 
million generations to ensure that trees were not trapped in local optima. Clades with Bayesian 
posterior probability (BPP) > 95 % were considered significant and highly supported (Alfaro et 
al. 2003). Effective sample size (ESS) was estimated using Tracer v. 1.5 (Rambaut & Drummond 
2009). Individual datasets of ITS, LSU, MCM7, and RPB1 were examined for potential conflict 
before concatenated into a single dataset for total evidence analysis (Kluge 1989, Eernisse & 
Kluge 1993). Individual gene phylogenies were considered to be incongruent if clades with 
significant ML BS and BPP (≥70 % BS and/or ≥ 95 % BPP) were conflicting in the individual 
tree topologies (Wiens 1998, Alfaro et al. 2003, Lutzoni et al. 2004). Since there were no 
incongruencies found among the individual datasets, all genes were concatenated using Seaview 
v. 4.2 with the following gene order: ITS, LSU, MCM7, RPB1. Phylogenetic analyses were then 
performed on the concatenated dataset as above. Alignments and analyses were deposited in 
TreeBASE (http://treebase.org) under submission ID 13597. 
Shimodaira-Hasegawa (S-H) tests (Shimodaira & Hasegawa 1999) were performed in 
PAUP v. 4.0b10 (Swofford 2003) to test generic hypotheses. Separate maximum likelihood 
analyses were conducted with: 1) all taxa in Geoglossum constrained to be monophyletic, and 2) 
Thuemenidium species constrained in a monophyletic genus. S-H tests using RELL 
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approximation and 1000 bootstrap replicates were then conducted to compare these constrained 
trees to the most-likely tree. 
 
RESULTS 
 
Fifty-nine sequences were newly generated in this study, including 13 ITS, 13 LSU, 12 MCM7, 
and 21 RPB1 sequences (Table 2.1). These were analyzed together with 12 ITS, 12 LSU, and 12 
MCM7 sequences from our previous studies (Hustad & Miller 2011, Hustad et al. 2011) along 
with 35 sequences obtained from GenBank. Forty-three collections representing a total of 15 
Geoglossomycetes and nine outgroup species were included in the analyses. Of the 43 taxa 
included in the final dataset, one taxon lacks ITS, 19 lack MCM7, and 22 lack RPB1 (Table 2.1). 
In the combined dataset, sequences for all four markers were available for 50 % of the taxa. For 
those taxa with missing data, at least two of the four DNA markers were available in 95% 
(20/21) of the taxa. 
No incongruencies were found among the individual datasets. The final combined data 
matrix had an aligned length of 2887 base pairs, which was reduced to 2393 after the removal of 
494 ambiguous characters by Gblocks. Of the 2393 characters used in these phylogenetic 
analyses, 125 were constant, 648 were parsimony-uninformative and 1620 were parsimony-
informative. A burn-in of 10 % was estimated using Tracer v. 1.5 to be sufficient to remove the 
pre-stationary posterior probability distribution, producing an ESS value of 520.912. The 
standard deviation of split frequencies was determined by MrBayes v. 3.1.2 to be 0.002488 at the 
end of the Bayesian analysis. Figure 3.1 represents the most likely tree produced by PhyML of 
the four-gene dataset of Geoglossomycetes generated in this study. 
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Five well-supported clades of Geoglossomycetes were recovered. Geoglossum occurred 
as a distinct clade with high overall support (97 % BS, 100 % BPP). Trichoglossum was well 
supported as monophyletic with 95 % BS and 100 % BPP branch support. Five representatives of 
Geoglossum glutinosum, containing two individuals of a previously undescribed cryptic species, 
were recovered as a well-supported (85 % BS, 100 % BPP) clade distinct from the main 
Geoglossum clade. Thuemenidium was found to be paraphyletic with T. arenarium existing as a 
clade with strong support (100 % BS, 100 % BPP) separate from T. atropurpureum, which is 
most closely related to Microglossum in Leotiomycetes. Sarcoleotia and Nothomitra were 
supported (74 % BS, 98 % BPP) as the most basal clade in Geoglossomycetes. 
Two S-H tests were performed comparing the most-likely tree (Fig. 3.1) with the 
maximum likelihood trees from a search constrained to recover 1) all taxa in Geoglossum (i.e. 
including G. glutinosum) as monophyletic, and 2) Thuemenidium (i.e. T. atropurpureum and T. 
arenarium) as a monophyletic. In both cases, this test rejected the hypothesis of a monophyletic 
Geoglossum (-ln L difference = 48.13503, P = 0.001) and monophyletic Thuemenidium (-ln L 
difference = 540.18521, P = 0.001). 
Taxonomy 
Glutinoglossum Hustad, A.N. Mill., Dentinger & P.F. Cannon, gen. nov. – MycoBank MB 
801343. 
= ?Geoglossum subgen. Cibalocoryne Hazsl., Mag. Tud. Akad. Ert. A Termés-tud Kör. 11(19): 
8. 1881. 
Ascocarp viscid-gelatinous, black, stipitate, with fertile hymenium usually restricted to the upper 
portion. Asci clavate to cylindrical with J+ apical pore. Ascospores slow-maturing, initially 
hyaline and aseptate, becoming septate and coloured in maturity. Paraphyses prominent, 
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continuing beyond the hymenium and forming a distinct gelatinous layer, mostly straight, pale 
brown, apical cell enlarged.  
Type species. Glutinoglossum glutinosum (Pers.) Hustad, A.N. Mill., Dentinger, and P.F. 
Cannon, comb. nov. 
Etymology. From Latin glutinosus, referring to the viscid character of the ascocarp. 
 
Glutinoglossum glutinosum (Pers.) Hustad, A.N. Mill., Dentinger & P.F. Cannon, comb. nov. – 
MycoBank MB 802301; Fig. 3.2. 
Basionym. Geoglossum glutinosum Persoon, Obs. Mycol. 1: 11. 1796. 
≡ Gloeoglossum glutinosum (Pers.) Durand, Ann. Mycol. 6: 419. 1908. 
≡ Cibalocoryne [as “Cibarocoryne”] glutinosa (Pers.) Imai, Bot. Mag. Tokyo 56: 525. 
1942, nom. inval. (Art. 43.1). 
= Geoglossum viscosum Persoon, Comment. Fung. Clav.: 39. 1797. 
= Geoglossum glutinosum β lubricum Persoon, Mycol. Eur. 1: 197. 1822. 
= ? Geoglossum (Cibalocoryne) viscosulum Hazsl., Mag. Tud. Akad. Ert. A Termés-tud Kör. 11: 
8. 1881. 
Ascocarps scattered to caespitose, very viscid, becoming gelatinous when wet, clavate, 15–55 
mm in height; hymenium black, one third to one half the length of the ascocarp, bilaterally 
compressed, clavate, cylindrical or ellipsoidal, 3–6 mm wide, sometimes with a vertical median 
groove; stipe dark brown to black, terete, glabrous, viscid, 10–40 × 2–3 mm. Asci slender, 
clavate, (175–)220–265(–290) × (10–)12–16 µm, 8-spored, apical pore J+ in Melzer’s reagent. 
Ascospores clavate, straight to slightly curved, (55–)70–90(–100) × 4–5.5 µm, often aseptate 
when young, usually 3- or 5-septate when fully mature, occasionally becoming 7-septate, 
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initially hyaline, eventually becoming brown. Paraphyses hyaline below, light to dark brown 
above, 2–4 µm diam at base, 4–11 µm diam at apex, sparsely septate with the terminal cell 
enlarged and globose, broadly obovoid, or pyriform, continuing down the stipe in a thick 
gelatinous layer. 
Holotype. In L, Herb. Lugd. Bat. no. 910.261-767 (L 0110938 [Persoon Herb.]), assumed to be 
collected in Europe. 
Habitat. On soil in wet places and in unfertilized grassland. Found associated with hardwoods in 
North America and commonly encountered in pastures and dune slacks in Europe. Reported 
from Africa: Macaronesia (Spooner 1987); Asia: China (Tai 1944), India (Batra & Batra 1963, 
Maas Geesteranus 1965, Prasher & Sharma 1997), Japan (Imai 1941), Philippines (Baker 1914); 
Australasia: Australia (Spooner 1987), New Zealand (http://hiddenforest.co.nz/); Europe: Austria 
(von Keissler 1916), Bulgaria (Hinkova & Stoichev 1983), Czech Republic (this paper), 
Denmark (Lind 1913), Finland (Karsten 1871), France (Bigeard 1898), Germany (Rabenhorst 
1857), Hungary (Haszlinsky 1881), Ireland (http://www.gbif.org), Netherlands (Oudemans 1873, 
this paper), Norway (Eckblad 1963), Sweden (Nannfeldt 1942), United Kingdom (Dennis 1978, 
this paper); North America: Bermuda (Waterson et al. 1945), Canada (Durand 1908), USA 
(Durand 1908, Mains 1954). These records probably encompass several species as defined using 
modern phylogenetic methods. 
Conservation. Not formally assessed on a global scale but would probably be listed as of Least 
Concern, though in Europe its grassland habitat is widely threatened due to agricultural 
“improvement”. It is listed as Critically Endangered in the Red Data Book of Bulgaria (Peev 
2011). 
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Specimens examined. CZECH REPUBLIC, Mada Boleslav, Baba u Kosmonos, deciduous forest, 
South slope, 30 Oct. 2010, J Gaisler s.n. (ILLS 64443); Liberec, Hamrstejn, deciduous forest, 
South slope, 25 Aug. 2010, J Gaisler s.n. (ILLS 64451); Rasovka, mowed meadow, Southeast 
slope, 4 Oct. 2010, J Gaisler s.n. (ILLS 67353); Jablonne v Podjestadi, in grass and moss, 20 
Oct. 2010, Z Egertova s.n. (ILLS 64453). THE NETHERLANDS, North Holland, Bergen, on 
slaperdijk, 52º 43’ N, 4º 39’ E, 24 Nov. 2008, CF Roobeek, CFR-241108-D (ILLS 64449). 
UNITED KINGDOM, Clitheroe, Billington, Whalley Old Road, Moonside Cottage, on acid, mossy 
soil, 53º 48’ N, 2º 25’ W, 12 Oct. 1996, I Ridge s.n. (ILLS 64450); Wales, Trefor, on short grass 
and moss, 52º 59’ N, 4º 26’ W, 9 Oct. 2011, VP Hustad, PF Cannon, BTM Dentinger & AM 
Ainsworth, ANM2456 (ILLS 64445); Snowdonia National Park, in sheep-grazed grass and moss, 
53º 4’ N, 4º 4’ W, 13 Oct. 2011,VP Hustad, PF Cannon & BTM Dentinger, ANM2476 (ILLS 
64446); Scotland, Skye, Sleat, Tokavaig, in short grass along roadway 57º 7’ N, 5º 58’ W, 16 
Oct. 2011, VP Hustad & PF Cannon, ANM2485 (ILLS 64447); Talisker Beach, in sheep-grazed 
grass, 57º 16’ N, 6º 27’ W, 21 Oct. 2011, VP Hustad, PF Cannon, DR Genney & AJ Silverside, 
ANM 2529 (ILLS 64448). UNITED STATES, North Carolina, Haywood Co., Great Smoky 
Mountains National Park, Cataloochee, Caldwell Fork Trail, mixed deciduous forest soil, 35º 37’ 
N, 83º 6’ W, 762 m elev., 14 Aug. 2009, VP Hustad & AS Methven, ANM2177 (ILLS 64360); 
Swain Co., Great Smoky Mountains National Park, Smokemont, mixed deciduous forest soil, 35º 
33’ N, 83º 18’ W, 640 m elev., 16 Aug. 2009, VP Hustad & AS Methven, ANM2247 (ILLS 
64444); Tennessee, Sevier County, Great Smoky Mountains National Park, Greenbrier, soil 
among Thuidium moss, 35º 42’ N, 83º 22’ W, 549 m elev., 15 Aug. 2009, VP Hustad & AS 
Methven, ANM2231(ILLS 64443).  
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Glutinoglossum heptaseptatum Hustad, A.N. Mill., Dentinger & P.F. Cannon, sp. nov. — 
MycoBank MB 802302; Fig. 3.3. 
Macroscopically indistinguishable from Glutinoglossum glutinosum. Characterised by wider asci 
(170–205 × 18–22 µm) and predominantly 7-septate ascospores (55–)60–80(–90) × 4–6.5 µm. 
Etymology. Refers to the predominantly 7-septate ascospores. 
Holotype. CZECH REPUBLIC, Hradec Králové, Betlem, moist pasture with moss, 20 Oct. 2010, J 
Gaisler s.n. (ILLS 63754). 
Habitat. On soil in wet places. At present, known only from a single locality in the Czech 
Republic. According to literature the species may also be present in Asia (Imai 1941), Australia 
(Spooner 1987), and North America (Mains 1954), but this very wide potential distribution may 
indicate that more than one taxon is involved. 
Conservation. Not formally assessed. Its only definitely known locality, the Grassland Research 
Station Liberec, is a protected experimental pasture, subjected to extensive grazing since 1998, 
that was previously an abandoned meadow. The site is property of the Crop Research Institute 
Prague – Ruzyne and is not threatened by agriculture or urban sprawl. 
Specimens examined. CZECH REPUBLIC, Hradec Králové, Betlem, 12 km north of Liberec, 
Protected Landscape Area Jizerske hory (Jizera Mountains), Grassland Research Station Liberec, 
moist pasture with Festuca rubra, Agrostis capillaris, Cirsium palustre, and moss, 50º 50’ N, 15º 
5’ W, Oct. 2009, J. Gaisler s.n., K(M): 165359; 20 Oct. 2010, J. Gaisler s.n (ILLS 63754). 
 
Sabuloglossum Hustad, A.N. Mill., Dentinger & P.F. Cannon, gen. nov. — MycoBank MB 
802197. 
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Ascocarps brownish black to black with fertile head slightly darker than, though not distinct 
from, the stipe. Stipe often squamulose, terete. Paraphyses longer than asci, light to dark brown 
and somewhat inflated at the apex. Ascospores hyaline and smooth, often 1-celled though 
occasionally becoming septate at maturity, straight or slightly curved with rounded ends, often 
multiguttulate. 
Type species. Sabuloglossum arenarium (Rostrup) Hustad, A.N. Mill., Dentinger & P.F. Cannon, 
comb. nov. 
Etymology. The genus name is derived from the Latin sabulum, referring to the ecology of its 
only known species. 
 
Sabuloglossum arenarium (Rostr.) Hustad, A.N. Mill., Dentinger & P.F. Cannon, comb. nov. – 
MycoBank MB 802198; Fig. 3.4. 
Basionym. Microglossum arenarium Rostr., Bot. Tidsskr. 18: 76. 1892. 
≡ Mitrula arenaria (Rostr.) Massee, Ann. Bot. (Oxford) 11(42): 283. 1897. 
≡ Corynetes arenarius (Rostr.) E.J. Durand, Ann. Mycol. 6: 417. 1908. 
≡ Geoglossum arenarium (Rostr.) Lloyd, Mycological Notes 5: 8. 1916. 
≡ Thuemenidium arenarium (Rostr.) Korf in Petersen & Korf, Nordic J. Bot. 2: 152. 
1982. 
= Leptoglossum latum Peck, Bull. Torrey Bot. Club 22: 210. 1895. 
= Corynetes geoglossoides Eckblad, Nytt Mag. for Bot. 10: 141. 1963. 
 
Ascocarps brownish-black, fertile head slightly darker but not distinct from stalk, caespitose, 
broadly and irregularly clavate, 20–40 mm in height, 5–20 cm thick at apex. Asci narrowly 
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clavate, 130–160 × 18–35 µm, 8-spored, apical pore J+ in Melzer’s reagent. Ascospores nearly 
cylindrical with rounded ends or slightly clavate, hyaline, becoming yellowish to light brown 
with age, aseptate, 27–37 × 3.5–5 µm. Paraphyses dark brown, becoming nearly opaque above, 
filiform, strongly curved above, occasionally straight, 3–4 µm thick at apex, not agglutinated.  
Holotype. In C, no. C-F-70804 (ex. herb. Rostrup), collected in East Greenland, 17 Aug. 1890. 
Habitat. On sand dunes and dune slacks, also in sandy soil alongside rivers and lakes. Reported 
from Asia: Japan (Imai 1941); Europe: Denmark (Rostrup 1892b, Lind 1913), Germany (Schade 
1939), Greenland (Rostrup 1892a), Iceland (Hallgrimsson 1987), Netherlands (van Luyk 1919, 
Roobeek 2009), Norway (Rostrup 1904, Imai 1940, Eckblad 1963), Sweden (Andersson 1950, 
Granquist 1950), United Kingdom (Ramsbottom 1926) and North America: Canada (Labrador 
and Newfoundland; Durand 1908), USA (Mains 1955). This very wide distribution might 
indicate that the species as currently circumscribed is a composite. 
Conservation. Not formally assessed on a global scale. S. arenarium was assessed as Endangered 
in the provisional Red Data List of British Fungi (Ing 1992). Sabuloglossum arenarium was 
mistakenly synonymized with Thuemenidium atropurpureum by Cannon et al. (1985). This may 
have confused some of the European conservation assessments of the latter species, which is 
listed on the Red Data List of nine European countries and was proposed for inclusion in the 
Appendices of the Bern Convention (Dahlberg & Croneborg 2003). Sabuloglossum arenarium 
has a much more restricted distribution in the UK than has T. atropurpureum, but may not face 
the same conservation threats due to its different ecological requirements. 
Leptoglossum latum was described from sandy soil in Labrador by Peck (1895). We have 
not seen authentic material, but the description is very similar to that of S. arenarium so we 
follow Durand (1908) in placing the two species in synonymy. Corynetes geoglossoides was 
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described by Eckblad (1963) as distinct from S. arenarium (treated by him as Corynetes 
arenarius), but the two taxa occur in identical habitats and have similar distributions. The only 
difference cited by Eckblad was that C. geoglossoides possessed some asci that eventually 
formed pigmented ascospores while all of those of C. arenarius remained hyaline. However, we 
have observed that ascospore pigmentation may occur very late in the developmental cycle and 
do not consider this as sufficient justification for maintaining the taxa as separate species in the 
absence of molecular data. 
Specimens examined. THE NETHERLANDS, Noord Holland, near Bergen aan Zee, 52º 41’ N, 4º 
38’ E, 18 Oct. 2007, C.F. Roobeek, CFR181007 (ILLS 61043). SWEDEN, Västerbotten, Sävar 
parish, Långviksskatan, in sandy heath amongst Empetrum, 22 Oct. 1980, J. Nitare, Fungi 
Exsiccati Suecici 3301 [UPS(F-005445) 61577]. 
 
DISCUSSION 
 
The molecular phylogeny of Geoglossomycetes presented here is the most robust and 
taxonomically diverse sampling of the group to date. Our results concur with previous authors 
(Schoch et al. 2009a) that Geoglossomycetes forms a separate and well-supported clade within 
Pezizomycotina (77 % BS, 98 % BPP). Five well-supported clades representing six genera were 
shown to occur within Geoglossomycetes in our analyses (Fig. 3.1). In addition, our analyses 
confirmed the polyphyletic nature of Thuemenidium as claimed by Ohenoja et al. (2010), with 
one clade within the Geoglossomycetes and the other within the Helotiales. 
Although some support seems to exist for circumscribing groups of genera into higher-
level hierarchies, we consider any creations of new orders and families to be premature at this 
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stage. Nevertheless, Sarcoleotia and Nothomitra form a morphologically distinct and 
phylogenetically well-supported clade (74 % BS, 98 % BPP) within Geoglossomycetes. This 
separation suggests a higher-level differentiation from the remainder of Geoglossomycetes, 
possibly indicative of a separate order and family within the class. Sabuloglossum is highly 
distinct within Geoglossomycetes and may represent a separate family within the class. 
Glutinoglossum and Trichoglossum are also present on a well-supported distinct clade (79 % BS, 
99 % BPP), and future research will determine if changes in higher level taxonomy are warranted 
for each of these discrete groups. 
Geoglossum clade 
The genus Geoglossum occupies a well-supported clade (97% BS, 100% BPP). Sequences of 
two specimens identified previously as Geoglossum glabrum, the type species of the genus (see 
discussion below), occur in a well-supported clade with two representatives of Geoglossum 
cookeanum Nannf.. As circumscribed by earlier authors (e.g. Durand 1908, Nannfeldt 1942), 
these taxa are separated by slight morphological differences and specimens used in this study 
were found to be indistinguishable based on molecular analyses. Comparison of the ITS locus 
(i.e. ITS1, 5.8S and ITS2 rDNA) of several collections of both taxa (data not shown) reveals less 
than 2% variation in sequence across the entire gene region, providing a preliminary indication 
that only a single species is present (Hughes et al. 2009). Additional research is needed before 
definitive taxonomic changes can be made in this species complex. 
Geoglossum difforme and Geoglossum simile are strongly supported as monophyletic 
species within Geoglossum. Collections identified as Geoglossum umbratile are polyphyletic 
with the single GenBank representative (only ITS and LSU sequences) differing from the two 
sequences generated in this project, suggesting the GenBank representative may be 
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misidentified. Species delimitations within the G. barlae/G. nigritum/G. umbratile complex are 
ambiguous, and these taxa have occasionally (e.g. Massee 1897, Nannfeldt 1942) been 
considered synonymous. This species complex warrants additional study and will doubtlessly be 
a subject of future investigation. 
Some controversy has surrounded the choice of Geoglossum glabrum Pers. as the type 
species of Geoglossum (Spooner 1987). Persoon first described the genus Geoglossum in 1794, 
including an abbreviated diagnosis and listing four species: G. glabrum (as a replacement name 
for Clavaria ophioglossoides L., a species for which no original material exists beyond a simple 
illustration; Vaillant 1727), G. hirsutum (a replacement name for Clavaria atra Batsch and now 
treated as Trichoglossum hirsutum (Pers.) Boud.), G. lilacinum (based on Clavaria atropurpurea 
Batsch, now Thuemenidium atropurpureum (Batsch) Kuntze) and G. viride (Schrad.) Pers. 
(based on Clavaria viridis Schrad., now Microglossum viride (Pers.) Gillet). 
Persoon treated the genus in several subsequent publications (1796, 1797, 1799, 1801, 
1822) and the name Geoglossum was sanctioned by Fries in Systema Mycologicum I (1821). The 
source of the nomenclatural debate centers around the admittedly minimal description of the 
genus in Persoon’s 1794 publication and the suggestion that G. glutinosum, described in detail by 
Persoon a short time later (1796), represents the first complete description of a species in 
Geoglossum and thus represents the type of the genus. However, the description of the genus in 
both publications is largely identical and very similar in detail. Observationes Mycologicae I 
(Persoon, 1796) contains a series of descriptions of four new taxa, and the most logical 
interpretation is that these (apart from G. viride Pers., which was subsequently transferred to 
Microglossum) were intended by Persoon as additional taxa rather than a circumscription of a 
new, distinct concept for the genus. This view is reinforced by the fact that two of the four 
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species included are separated from the others by nearly 30 pages (Geoglossum species 
descriptions are found at numbers 17 and 18 on page 11, and also at numbers 83 and 84 on pages 
39 and 40, respectively). Lastly, all eight of these species (with G. glabrum presented first) were 
included in Persoon’s subsequent and more detailed account of the genus (Persoon 1797), further 
evidence that he was not rejecting his 1794 account. Durand (1908) assumed G. glabrum to be 
the type of the genus due to this being the most prominent species discussed by Persoon in 1797 
and subsequent publications (1799, 1801, 1822), and proposed Persoon’s collection of G. 
glabrum (presumably collection no. 910, 262-109 as this collection had been examined by 
Durand; van Luyk 1919) as the lectotype.  
Van Luyk (1919) and Maas Geesteranus (1965) found five different species present in 
collections labeled G. glabrum in the Persoon fungarium at Leiden. These findings and the lack 
of material designated by Persoon himself led Maas Geesteranus (1965) to formally reject the 
epithet G. glabrum, while Spooner (1987) regarded G. glabrum as a nomen ambiguum. However, 
we consider that G. glabrum Pers., sanctioned by Fries (1821) and lectotypified by Durand (van 
Luyk 1919) may be confirmed as a species within modern concepts of Geoglossum and agree 
with Durand’s (1908) view that G. glabrum rather than G. glutinosum should be taken as the type 
species of that genus. Of the five fungarium sheets within the Geoglossum glabrum cover in 
Persoon’s collections (Maas Geesteranus 1965), one (910.261-770) was identified as G. glabrum 
with doubt by Persoon and in fact contains a depauperate, immature Xylaria. The other four all 
contain fungi referable to the Geoglossaceae, and three of those contain species now classified in 
Geoglossum. Sheet 910.261-768 contains seven ascomata of G. fallax and two of G. cookeanum, 
sheet 910.261-773 contains two ascomata of G. fallax. Sheet 910.262-109 (the material 
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examined by Durand) includes two ascomata identified as G. glabrum, probably initially by 
Mougeot rather than Persoon (Maas Geesteranus 1965).  
Maas Geesteranus observed that the material on sheet 910.262-109 was almost certainly 
collected after publication of Geoglossum glabrum, and should not therefore have been chosen as 
lectotype by Durand. Typification of these early names is not an exact science as we cannot be 
confident that any of the material labeled as G. glabrum in Persoon’s collections was collected 
prior to 1794. However, we can use it to gain some insight as to Persoon’s concept of the taxa 
concerned, and we can be reasonably confident that G. glabrum falls within the modern concept 
of Geoglossum sensu stricto. This is important for nomenclatural stability as G. glutinosum is 
now known to fall within a different clade of the Geoglossaceae and we no longer consider them 
to be congeneric. Bearing in mind the differing opinions as to the identity (or lack of identity) of 
G. glabrum over the years, we consider it premature to replace the names G. fallax (the 
predominant species in Persoon’s fungarium collections), G. cookeanum (also present in 
Persoon’s material) or G. sphagnophilum with G. glabrum. 
Trichoglossum clade 
Trichoglossum is recovered as a highly supported clade (95% BS, 100% BPP), though with only 
two species included in these analyses. A more intensive sampling of Geoglossomycetes 
including nine species of Trichoglossum but using only nrDNA also supports the monophyly of 
Trichoglossum (data not shown). Trichoglossum hirsutum is probably the most widespread and 
widely collected species of Geoglossomycetes and our analyses contain representatives from 
China, Europe, and North America. Our analyses indicate that this species is very diverse with 
European and North American material grouped together while the Chinese specimen occurs on 
a separate basal branch. A preliminary phylogeographic analysis using ITS nrDNA indicates that 
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T. hirsutum is not monophyletic and cryptic speciation is likely to have occurred in this 
morphological species complex (data not shown). 
Trichoglossum octopartitum did not form a monophyletic clade within Trichoglossum but 
was included in the highly supported genus clade. The specimens of T. octopartitum used in this 
study were from European and North American material, suggesting distinct North American 
and European species. ITS sequences of both specimens differed by more than 10%, further 
supporting the interpretation that separate species are present. 
Boudier (1885) separated the genus Trichoglossum Boud. from Geoglossum based on its 
prominent setae. Geoglossum hirsutum Pers. was transferred to Trichoglossum and designated as 
the type of the genus. The genus has been examined multiple times since its creation (Durand 
1908, Sinden & Fitzpatrick 1930, Imai 1941, Mains 1954, Rifai 1965) with many new species 
and varieties described. Index Fungorum (http://indexfungorum.org) currently lists 47 names, 
including forms and varieties, and Kirk et al. (2008) acknowledge 19 species. Published 
molecular phylogenetic research also supports the genus as a well-supported clade (Sandnes 
2006, Schoch et al. 2009a, Hustad & Miller 2011).  
Glutinoglossum clade 
Glutinoglossum was strongly supported as a distinct clade (85 % BS, 100 % BPP) comprised of 
at least two well-supported species, G. glutinosum and G. heptaseptatum. The most obvious 
morphological character of this genus is the conspicuous viscidity of the ascocarp, which is 
easily distinguished in the field (Fig. 3.2A). Ascocarp viscidity is not a character exclusive to 
Glutinoglossum, as several species, including Geoglossum difforme, also produce viscid 
ascocarps but have been shown to belong in the Geoglossum clade. Tardily septate ascospores of 
up to seven septa are also shared by both species of Glutinoglossum. Previous authors (Durand 
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1908, Imai 1941, Mains 1954, Spooner 1987) have noted the occurrence of a predominantly 7-
septate form of G. glutinosum, though each was reticent to create a new species or form. Our 
phylogenetic analysis supports recognition of two distinct species of G. glutinosum and 
comparison of the ITS sequences reveals that the species differ by 8–10 % sequence dissimilarity 
(data not shown). 
Further molecular analysis may lead to the inclusion of other species in Glutinoglossum 
in the future. Geoglossum affine Durand is similar to G. heptaseptatum with predominantly 7-
septate ascospores but is differentiated by smaller ascospores (43–65 × 5–6 µm) and is presently 
known only from North America. According to Nannfeldt (1942) several other species of 
Geoglossum (G. cohaerens, G. heuflerianum and G. littorale) are morphologically similar to G. 
glutinosum with viscid ascocarps and tardily-septate ascospores. Furthermore, Nitare (1983) 
considered G. littorale to be an immature form of G. glutinosum. Fresh material of these species 
is currently not available for molecular analysis so their taxonomic positions cannot be assessed 
here. 
Viscid species of Geoglossaceae have been separated from the main group before. 
Geoglossum glutinosum was included in Gloeoglossum by Durand (1908), this genus being 
described as containing species of ‘viscid-gelatinous consistency when fresh’ and with 
paraphyses that are ‘not confined to the hymenium but continue with unchanged form down the 
stem to its base’. According to Durand, Gloeoglossum contained two further species, G. affine 
and G. difforme (syn. G. peckianum). However, Durand chose G. difforme as type of 
Gloeoglossum, and our research places this species within the main Geoglossum clade.  
Some authors (e.g. Imai 1941, Nannfeldt 1942, Holm in Farr et al. 1979) have treated 
Cibalocoryne (Haszlinsky 1881) at generic rank, and if that is correct it could constitute an 
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earlier name for Glutinoglossum. However, while Haszlinsky’s work is ambiguous in the rank at 
which Cibalocoryne is accepted, it is clearly subordinate to Geoglossum and as Mains (1954) 
and Maas Geesteranus (1965) stated, Haszlinsky himself referred to the taxon as a subgenus of 
Geoglossum at subgeneric rank at one point in his work. Saccardo (1884) treated the only species 
included by Haszlinsky in his subgenus as a species of Geoglossum, and Imai (1941) attempted 
to use Cibalocoryne at generic rank but failed to make the necessary new combination. 
Geoglossum (Cibalocoryne) viscosulum, the only subordinate taxon belonging to Cibalocoryne 
in Haszlinsky (1881), was placed into synonymy with Geoglossum glutinosum by Nannfeldt 
(1942), but since Haszlinsky placed G. glutinosum into a different subgenus from Cibalocoryne 
we have doubts as to the acceptability of this action. We have not seen any material identified as 
G. (Cibalocoryne) viscosulum, but even if the synonymy were confirmed Cibalocoryne as a 
subgenus would not threaten the legitimacy of our newly erected genus Glutinoglossum. 
Sabuloglossum clade  
The genus Sabuloglossum is proposed to accommodate the fungus most recently known as 
Thuemenidium arenarium. Due to the low resolution of their LSU nrDNA phylogeny of 
Geoglossomycetes, Ohenoja et al. (2010) did not transfer T. arenarium into a new genus, 
retaining a paraphyletic concept of Thuemenidium. Our sample size is greater than that of 
Ohenoja et al. (2010) and the inclusion of three additional genes provides a well-resolved and 
strongly supported phylogeny confirming the recognition of T. arenarium as distinct from T. 
atropurpureum (100 % BS, 100 % BPP). 
Microglossum arenarium was described by Rostrup (1892a) from material collected in 
Denmark on moist sand dunes. The species was transferred to the now obsolete genus Corynetes 
by Durand (1908) and then to the genus Geoglossum by Lloyd (1916). As Maas Geesteranus 
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(1964a) observed, Corynetes was originally described as a subgenus of Geoglossum by 
Haszlinsky (1881) rather than at generic rank as assumed by others (e.g. Nannfeldt 1942, Seaver 
1951), and did not achieve generic status until Durand (1908) made the necessary rank change. It 
is therefore a junior synonym of Thuemenidium since this genus was described in 1891. The type 
of Geoglossum subgenus Corynetes appears to be synonymous with T. atropurpureum, but 
authentic material has not been traced. Microglossum arenarium was finally transferred to 
Thuemenidium by Korf (Petersen & Korf 1982). Nitare (1981, 1982, 1984) studied several 
collections of T. arenarium and determined that it belonged in the genus Geoglossum. Cannon et 
al. (1985) considered T. arenarium to be a synonym of T. atropurpureum, however the 
synonymy of these species is only found in this checklist (based most probably on a misreading 
of the text in Maas Geesteranus 1964a). Both species have hyaline ascospores with slowly-
appearing septation, however they are markedly different in ascocarp morphology. T. 
atropurpureum has a distinct purplish tinge when fresh, whereas T. arenarium is black in color. 
T. atropurpureum is found in humus and grassy soil, whereas T. arenarium is ecologically 
separated by its growth habit in sand and river gravel. 
Nothomitra and Sarcoleotia clade 
The most basal clade of Geoglossomycetes based on our sampling was found to contain the 
genera Nothomitra and Sarcoleotia (74 % BS, 98 % BPP). Hustad et al. (2011) recently placed 
Nothomitra within Geoglossomycetes based on a three-gene phylogeny. Members of this clade 
are characterized by ascocarps with a distinct capitate hymenium that is clearly separated from 
the stipe when mature. This clade is most readily distinguishable from the remainder of 
Geoglossomycetes in that both genera produce hyaline to lightly-colored ascospores that only 
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occasionally become 3–5-septate when mature, whereas ascospores in all other genera of 
Geoglossomycetes are generally multiseptate and brown to dark brown in color. 
Sarcoleotia was found to be polyphyletic in our analyses, with S. globosa allied to 
Geoglossomycetes and S. turficola in Leotiomycetes, in agreement with Wang et al. (2006) but 
contradicting Schumacher & Sivertsen (1987), who reduced the genus Sarcoleotia to a single 
species, Sarcoleotia (= Ascocoryne) turficola. Molecular data from the type species is needed 
before the taxonomic status of this genus can be finally addressed. 
Sarcoleotia was described by Imai (1934), who separated the genus from Leotia Pers. 
based on the fleshy, non-gelatinous ascocarps and subcylindrical ascospores. Sarcoleotia nigra 
was designated the type species of the genus and described in the same publication from 
collections made in Hokkaido, Japan. Maas Geesteranus (1966) transferred Helvella platypus to 
the genus, creating S. platypus and considered S. nigra a synonym of S. platypus. Korf (1971a) 
transferred Mitrula globosa to Sarcoleotia, while Dennis (1971) transferred Coryne turficola to 
the genus. Subsequently, Korf (1971b) transferred S. turficola to Ascocoryne turficola based on 
the gelatinous tissue characteristic of Ascocoryne. Rahm (1975) reported Sarcoleotia clandestina 
from material collected in Switzerland, however this name is a nomen nudum as no legal 
description of the species was ever made. Schumacher & Sivertsen (1987) examined Sarcoleotia 
and recognized only one species, S. globosa, concurring with the findings of Maas Geesteranus 
(1966) that S. nigra is a later synonym of S. platypus. Kirk et al. (2008) list only a single species. 
Wang et al. (2006) included both S. globosa and Ascocoryne turficola in their phylogeny based 
on three-gene nrDNA analyses (LSU, SSU, and 5.8S) with A. turficola shown to be most closely 
allied with the Ascocoryne clade. Bunyard et al. (2008) examined collections of Ascocoryne 
43 
turficola from North America using nrDNA and found North American and European collections 
to be conspecific. 
The genus Nothomitra was described by Maas Geesteranus (1964a) to distinguish certain 
Microglossum species that possess a glabrous wavy hymenium that is not flattened and 
intergraded with the stipe, and parallel internal stipe hyphae. At present, three species are found 
in the genus. Nothomitra cinnamomea was designated as the type species from material collected 
in Upper Austria. Nothomitra kovalii was described from specimens collected in the Kuril 
Islands (Raitviir 1971), and Nothomitra sinensis was described from Northern China (Zhuang & 
Wang 1997). Hustad et al. (2011), using a three-gene phylogeny of both nuclear ribosomal and 
protein-coding DNA, found support for including Nothomitra within Geoglossomycetes. 
Thuemenidium/Microglossum clade 
Our findings concur with the results of previous authors (Wang et al. 2006, Schoch et al. 2009a, 
Ohenoja et al. 2010), in that Thuemenidium atropurpureum does not belong in 
Geoglossomycetes and is most closely aligned with the genus Microglossum in Leotiomycetes.  
Complexity surrounds Thuemenidium and the identity of its type species. The genus was 
erected by Kuntze (1891) as a replacement name for Microglossum Saccardo (1884), the author 
being under the impression that the name Microglossa, described for a genus of Asteraceae (De 
Candolle 1836), took precedence. The current rules of orthography indicate that the two names 
are not homonyms, but coincidentally Saccardo seems to have been unaware of the publication 
five years earlier of Microglossum Gillet (1879), subsequently lectotypified by Clements & 
Shear (1931) with M. viride and with this choice being confirmed by Maas Geesteranus (1964a). 
Therefore, Saccardo’s genus cannot be taken up. 
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Although Kuntze included two other species in his publication of Thuemenidium (based 
on Microglossum multiforme and M. atropurpureum), the only included species in Saccardo’s 
genus was M. hookeri (basionym Geoglossum hookeri), and this must be taken as type of the 
replacement generic name.  
Microglossum hookeri is a later synonym of Geoglossum hookeri Cooke, a species first 
described by Cooke (1875) from a single specimen sent to him by M.J. Berkeley from an 
unknown locality. We agree with several subsequent authors (Massee 1897, Durand 1908, Imai 
1941) and consider Thuemenidium hookeri to be a synonym of T. atropurpureum. We have not 
been able to establish the identity of T. multiforme (basionym Geoglossum multiforme) with 
certainty, but Nannfeldt (1942) and Eckblad (1963) treated that species as Mitrula multiforme. 
Thuemenidium berteroi, a component of the earth tongue mycobiota of the temperate Southern 
Hemisphere, was added to the genus via transfer from Mitrula berteroi by Gamundi (1977); we 
cannot at present confirm placement of this species.  
Throughout the twentieth century, most authors assumed a close relationship between 
Thuemenidium (in many papers listed as Corynetes) and Geoglossum, with both genera referred 
to the Geoglossaceae, and the heterogeneity of the former genus was not questioned. 
Microglossum was also assumed to belong to the Geoglossaceae by most authors. Initial 
molecular data led Wang et al. (2006) to suggest that Thuemenidium was more closely aligned 
with Helotiales than Geoglossaceae, and Schoch et al. (2009a) and Hustad et al. (2011) 
confirmed this positioning, placing the genus close to Microglossum and Leotia within the 
Leotiomycetes. Ohenoja et al. (2010) found that Thuemenidium was a polyphyletic genus with T. 
atropurpureum closely related to Microglossum as a member of Leotiomycetes, whereas T. 
arenarium occurred in Geoglossomycetes based on LSU nrDNA analyses. However, since the 
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backbones of these phylogenies were unresolved, the authors chose not to revise the taxonomy of 
these Thuemenidium species. 
The close association of T. atropurpureum with species of Microglossum in our 
phylogenetic tree tends to reinforce the view that this species should be formally reassigned to 
Microglossum (Huhndorf & Lumbsch note 270 
http://www8.umu.se/myconet/asco/litt/newNotes.html). However, the type species of 
Microglossum Gillet, M. viride (Pers.) Gillet, has not been included in our study. As the 
synonymy of Thuemenidium with Microglossum would have legislative complications for the 
fungal conservation community, we prefer to keep the genera separate for the time being. 
Judging from phylogenetic analysis of the ITS sequences submitted to GenBank of fungi 
assigned to Thuemenidium and Microglossum (data not shown) and also our own field 
observations, several of the species within these genera are polyphyletic, and the complex is in 
need of revision. 
 
CONCLUSIONS 
 
Further molecular systematics research is needed in this group in order to determine strongly 
supported phylogenetic relationships that will ultimately lead to a robust taxonomical 
classification in this class. Our study reveals that several cryptic taxa occur within 
Geoglossomycetes and can only be discovered through detailed molecular analyses due to the 
simple morphology and incompletely known life histories of these fungi. Increased sampling of 
species and varieties is also necessary to determine the phylogenetic placement for the large 
number of currently available species names that still remain within Geoglossomycetes. 
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Undoubtedly, new taxonomic novelties will be discovered that will lead to the proposal of 
additional taxa and further synonymy within this group. 
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CHAPTER 4: GEOGLOSSUM SIMILE OF NORTH AMERICA AND EUROPE: 
DISTRIBUTION OF A WIDESPREAD EARTH TONGUE SPECIES AND 
DESIGNATION OF AN EPITYPE3 
 
 
ABSTRACT 
 
 
Geoglossum simile is a distinctive species of the earth tongue class Geoglossomycetes, first 
described in 1873. The taxonomic standing of this species has long been disputed, resulting in 
nearly 70 years of potential misdiagnoses. Although G. simile was originally described from 
North America, it has subsequently been reported from several European countries as well as 
Asia, Australasia, and India. In this study, we report the first records of G. simile from Slovakia 
and the Czech Republic, examine the morphological and molecular diversity of Northern 
Hemisphere collections, discuss the taxonomic history and current status of the species, and 
designate a recent North American collection as the epitype of this widely distributed and 
conservationally significant species. 
 
 
INTRODUCTION 
 
 
 
The fungal class Geoglossomycetes Schoch et al. (2009) has been a subject of study for 
mycologists for over three centuries (Hustad et al. 2013). This long history of research has 
yielded a complicated taxonomy with many synonyms and nomenclatural transfers, resulting in  
______________________ 
3This chapter appeared in its entirety in the journal Mycological Progress and is referred to later in this dissertation 
as “Hustad et al. 2014”. Hustad VP, Kučera V, Rybarikova N, Lizon P, Gaisler J, Baroni T, Miller AN. Geoglossum 
simile of North America and Europe: Distribution of a widespread earth tongue species and designation of an 
epitype. 13(3): 857–866. This article is reprinted with permission of the publisher and is available from 
http://link.springer.com/article/10.1007/s11557-014-0969-z using DOI 10.1007/s11557-014-0969-z 
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over two hundred published names (www.indexfungorum.org). Currently the class contains six 
genera and an estimated fifty species (Kirk et al. 2008, Hustad et al. 2013). Fungi of the class 
Geoglossomycetes have been included in several studies on the evaluation of European 
grasslands (Rald 1985, Nitare 1988, Jordal 1997, McHugh et al. 2001, Adamčík and 
Kautmanová 2005) and are of conservation interest. The genus Geoglossum Pers. contains the 
earliest described species in the class and is also the most widespread genus with members 
reported from every continent except Antarctica. 
Geoglossum simile Peck was described (Peck 1873) from specimens collected in Sand 
Lake (New York, USA) by Charles Horton Peck and Ft. Edward (New York, USA) by Elliot 
Calvin Howe. Peck did not designate either specimen as the holotype and because these 
specimens are the only ones listed in the protologue, they are regarded as syntypes. At that time 
Peck was under the erroneous assumption that G. glabrum possesed 3–4 septate ascospores (as 
reported by Cooke (1871)), and thus believed that his specimen with 7-septate ascospores was a 
separate and undescribed species. Peck later (1878) reconsidered his original diagnosis of a new 
species and placed G. simile as a synonym under G. glabrum Pers. Peck made no mention of the 
distinctive paraphyses in his collections of G. simile in either treatment and may not have 
compared them with authentic material of G. glabrum from Europe. He did admit (Peck 1878) 
the “application of the specific name glabrum” to his specimens was “unfortunate and liable to 
mislead the student, for the stem is covered by a kind of minutely-tufted tomentum of matted 
septate filaments, which, with the projecting masses of spores from the mature club, give the 
plant a scarcely less hairy aspect than that of G. hirsutum”. The squamulose stem composed of 
acute tufts of paraphyses is a characteristic morphological feature observed in dried specimens of 
G. simile, but is not found in G. glabrum. 
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Peck’s confusion over the identity of this species influenced subsequent authors for over 
70 years. Massee (1897), Durand (1908), and Lloyd (1916) considered Geoglossum simile as a 
synonym of G. glabrum in their influential early monographs of Geoglossaceae. It was not until 
Imai (1941) that the species were again recognized as separate. With the exception of Seaver 
(1951), the concept of G. simile as a species separate from G. glabrum was subsequently 
accepted by the majority of researchers (e.g. Nannfeldt 1942, Mains 1954, Eckblad 1963, Maas 
Geesteranus 1965, Ohenoja 2000, Roobeek 2009, Hustad et al. 2011). G. simile is one of the 
most commonly occurring Geoglossum species in eastern North America (Mains 1954), but 
many collections made prior to the 1940s may be mislabeled as G. glabrum. Hustad et al. (2013) 
found G. simile to occur on a well-supported branch in the Geoglossum clade in a four-gene 
molecular phylogeny of Geoglossomycetes, separate from G. glabrum and sister to G. 
sphagnophilum. 
Although Geoglossum simile was originally described from North America, it has 
subsequently been collected in Asia (Imai 1941), Australasia (Beaton & Weste 1979), Europe 
(Bille-Hansen 1954), and India (Batra & Batra 1963). Our assumption that the species may occur 
in Central Europe was confirmed by material collected in Slovakia and the Czech Republic in 
2006 (Kučera & Lizoň 2012). Examination of these collections and other European material has 
raised the question of whether specimens of G. simile from Europe and North America represent 
the same species or discrete species with convergent morphologies. Members of the genus 
Geoglossum were thought to be quite rare in Slovakia and the Czech Republic with only a few 
taxa reported from these countries before recent collections (Kučera et al. 2008, 2010, Kučera & 
Gaisler 2012, Kučera & Lizoň 2012, Kučera 2012, Kučera et al. 2013). 
50 
The goals of this study were to: 1) compare European and North American material using 
both morphological and molecular techniques, and 2) designate an epitype for Geoglossum 
simile from recently collected North American material to facilitate the interpretation of the lost 
and aging material examined by Peck. 
 
MATERIALS AND METHODS 
 
Specimens were identified based on morphological characters using pertinent literature and 
original species descriptions. The macromorphological ascomatal characters were observed in 
fresh and dried material. Dried ascomata were hand sectioned and fragments were examined in 
water and Melzer’s reagent or 5% KOH using an Olympus BX51 compound microscope with 
differential interference microscopy. Permanent slides were made using PVLG (Omar et al. 
1979) with material rehydrated in 5% KOH. Images were captured with a QImaging QColor3 
digital camera and processed using Adobe Photoshop v. 7.0 (Adobe Systems Inc., Mountain 
View California). A minimum of 30 measurements were made for each micromorphological 
character using NIH Image (National Institutes of Health, Bethesda, Maryland) and standard 
univariate statistics were performed on these measurements (Table 4.1). Acronyms for fungaria 
follow Index Herbariorum (Thiers 2013). Recent collections were georeferenced and the 
coordinates reported in WGS 84 format. 
Total genomic DNA was extracted from dried ascomata using a QIAGEN DNeasy Plant 
Mini Kit (QIAGEN Inc., Valencia, California) and gene fragments were PCR amplified and 
sequenced using methods outlined by Promputtha and Miller (2010). The internal transcribed 
spacer (ITS) region of nuclear ribosomal DNA (nrDNA), consisting of the ITS1, 5.8S, and ITS2 
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regions, was amplified and sequenced using a combination of the primers ITS1, ITS4, and ITS5 
(White et al. 1990). The 28S large subunit (LSU) nrDNA region was amplified and sequenced 
using primers JS1 (Landvik 1996) and LR3 (Vilgalys & Hester 1990). 
Individual gene alignments were created manually in Sequencher v. 5.0.1 (Gene Codes 
Corp., Ann Arbor Michigan) and optimized using Muscle v. 3.7 (Edgar 2004) in SeaView v. 4.2 
(Galtier et al. 1996). Ambiguous regions were removed from each dataset using Gblocks v. 0.91b 
(Castresana 2000) under the following parameters: minimum number of sequences for both 
conserved and flanking regions = 12, maximum number of contiguous non-conserved positions = 
4, minimum length of a block = 4, and allowed gap positions in 12 sequences. GTR+I+G was 
determined by the Akaike Information Criterion (AIC) (Posada & Buckley 2004) to be the best-
fit model of evolution by jModelTest v. 0.1.1 (Posada 2008) for both individual gene datasets. 
Maximum likelihood (ML) analyses were performed with PhyML (Guindon & Gascuel 2003) 
under the GTR substitution model with six rate classes and invariable sites optimized. An 
unrooted BioNJ starting tree was constructed and the best of nearest neighbor interchange (NNI) 
and subtree pruning and regrafting (SPR) tree improvement was implemented during the 
heuristic search. Nonparametric bootstrap support (BS) (Felsenstein 1985) was determined with 
100 replicates. Clades with BS support ≥70% were considered significant and highly supported 
(Hillis & Bull 1993). 
Bayesian inference employing a Markov Chain Monte Carlo (MCMC) algorithm was 
performed using MrBayes 3.1.2 (Huelsenbeck & Ronquist 2001) on the CIPRES Science 
Gateway Teragrid (Miller et al. 2010) as an additional method of determining branch support. 
The GTR+I+G model with six rate classes was employed. Four independent chains of MCMC 
were run for 10 million generations. Clades with Bayesian posterior probability (BPP) of ≥95% 
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were considered significantly supported (Alfaro et al. 2003). Effective sample size (ESS) was 
estimated using Tracer v. 1.6 (Rambaut & Drummond 2009). 
Individual datasets of ITS and LSU were examined for potential conflict before being 
concatenated into a single dataset for total evidence analysis (Kluge 1989, Eernisse & Kluge 
1993). Individual gene phylogenies were considered to be incongruent if clades with significant 
ML BS and BPP were conflicting in the individual tree topologies (Wiens 1998, Alfaro et al. 
2003, Lutzoni et al. 2004). Since no incongruencies were found among individual datasets, the 
ITS and LSU datasets were concatenated and final ML and Bayesian analyses were performed 
on the combined dataset. Alignments and trees are deposited in TreeBASE (http://treebase.org) 
under submission ID 15095. 
A total of 32 specimens of Geoglossum simile, including the Fort Edward lectotype and 
the newly-designated epitype from Cortland County, New York were examined (Table 4.1). 
Twenty-two sequences were newly generated for this study (11 ITS, 11 LSU). These sequences 
were analyzed together with 20 sequences from previous studies (Hustad et al. 2011, 2013), 
along with four sequences from GenBank. Sequences from 23 collections, representing twelve 
collections of G. simile and eleven collections representing eight closely-related outgroup species 
(Hustad et al. 2013) were included in the analyses (Table 2). 
 
RESULTS 
 
The final combined matrix had an aligned length of 1265 bp, which was reduced to 1173 after 
the removal of 92 ambiguous characters by Gblocks. Of the 1173 characters used in the 
phylogenetic analyses, 1019 of the sites were complete (no gaps or missing characters in any of 
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the sequences), 221 of the complete sites were variable across the dataset, and 110 (10.8%) of 
these variable sites were informative. We estimated burn-in of 10% was sufficient to remove the 
pre-stationary posterior probability distribution using Tracer v.1.6, resulting in an ESS of 
212.5797. The most likely tree produced by the PhyML analysis of the concatenated ITS and 
LSU dataset is shown in Figure 4.1. Sequences from Geoglossum simile form a strongly 
supported clade (BS = 100%, BPP = 1.0) with G. sphagnophilum occurring as a sister species to 
G. simile. 
 
Taxonomy 
 
Geoglossum simile Peck 
 = Geoglossum glabrum var. simile (Peck) S. Imai, Trans. Myc. Soc. Jap. 3: 52. 1962. 
Mycobank MB 162582 
Syntype: USA, New York, Rensselaer County, Sand Lake [as ‘Sandlake’], Adirondack 
Mountains, C.H. Peck, September 1873 (NYS, lost). 
Lectotype: USA, New York, Washington County, Fort Edward, E.C. Howe, 1873 (NYS f2797) – 
designated here. Fig. 4.2. 
Epitype: USA, New York, Cortland County, Kennedy State Forest, Scutt Hill Road, T.J. Baroni 
[TJB 9613], 10 August 2003 (CORT 005220; isoepitype ILLS 71160) – designated here. 
Fig. 4.3. 
Emended Description 
Ascomata (21-) 39-65 (-80) mm high, solitary, club-shaped, stipitate. Fertile part lanceolate, 
more or less compressed, (4-) 9.7-19.2 (-35) mm long, (1-) 2-4 (-7) mm thick, apex usually 
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subacute to obtuse, blackish-brown, differentiated from the sterile stipe, sometimes with a 
narrow median groove. Stipe gracile, cylindrical above, terete, minutely pubescent or glabrous 
when fresh, forming acute tufts and squamulose when dried (Figs. 4.3A and 4.3C), brownish-
black with dark cinnamon brown base, (15–) 26–48 (–60) mm long, 0.5–2 (–3) mm thick. Asci 
(155–) 175–200 (–220) × (16.5–) 24.5–29.5 (–36) µm, 8-spored, clavate or lanceolate to 
narrowly tapered towards the apex, the pore bluing in Melzer’s reagent. Ascospores (60–) 74–91 
(–108) × (4.7–) 6.6–7.8 (–11) µm, in parallel fascicle, 7-septate (though 8- and 9- septate 
ascospores rarely seen), dark fuliginous, cylindric to clavate or slightly narrower at one end, 
slightly curved (Figs. 4.2B, 4.3B). Paraphyses filiform, pale brown in upper part, straight or 
curved, (though often sigmoid at the terminal end) moderately to closely septate in the upper part 
constricted to form barrel-shaped segmented cells resembling didymospores (often forming 
chains of three or more such cells in sequence at the terminal end), protruding beyond the asci, 
the apical cell (7–) 9.7–13.9 (–20) × (4–) 5.3–7.3 (–10) µm (Figs. 4.2C, 4.3D). 
Habitat 
Geoglossum simile occurs in Europe most commonly in peat bogs and wet meadows among 
mosses. In North America the species is commonly found on moss-covered soil and humus in 
mixed deciduous forests. According to the literature it also is found on soil (Nannfeldt 1942, 
Zhuang and Wang 1997), as well as in swamps, bogs and well-drained soil (Mains 1954), damp 
pasture (Jørgensen & Vevle 1968, Ohenoja 2000), soil in Cedrus or Quercus forest (Maas 
Geesteranus 1965), on rotten logs (Nannfeldt 1942), and among Sphagnum (Nannfeldt 1942, 
Mains 1954) and other mosses (Mains 1954). 
Conservation 
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Earth tongues are widely collected and studied in North America and Europe and their presence 
in a particular habitat often indicates limited human disturbance. Earth tongue species diversity 
has been used as a proxy for grassland health in conservation value assessments (Newton et al. 
2003, Genney et al. 2009). Geoglossum simile is present on several Red Data Lists throughout 
Europe, listed as threatened with extinction in Austria (Aron et al. 2005) and Germany 
(Sonneborn et al. 2005), critically endangered in Denmark (Stoltze & Pihle 1998), vulnerable in 
The Netherlands (Arnolds & Veerkamp 2008), and near threatened in Norway (Fandnes 2011). 
In Sweden, G. simile is listed as not threatened (Gärdenfors 2010), even though the species is 
often found in the same habitat as G. uliginosum, a very rare and endangered species in Sweden 
according to a National Biodiversity Action Plan from 2007-2011 (Nitare 2007). The species was 
listed as one of three Ascomycetes believed to be extinct in the provisional Red Data List of 
British fungi (Ing 1992), although Mackey et al. (2011) recognized G. simile as a characteristic 
species of High Nature Value Farmland. Though the conservation status of G. simile has not 
been formally assessed in eastern North America, it should likely be regarded as least concern 
due to the abundance of the species in second-growth forests. 
Distribution 
Asia: China (Zhuang and Wang 1997, Zhuang 1998), India (Batra & Batra 1963, Thind & Singh 
1964b, Maas Geesteranus 1965, Prasher & Sharma 1997), Japan (Imai 1941); Australasia: 
Australia (Beaton & Weste 1979); Europe: Austria (www.gbif.org), Czech Republic (this 
paper), Denmark (Bille-Hansen 1954, Ohenoja 2000), Estonia (www.gbif.org), France (Priou 
1992, Moingeon & Moingeon 2003), Germany (Benkert 1976, www.gbif.org), Norway (Eckblad 
1963, Jørgensen & Vevle 1968, Olsen 1986), Slovakia (this paper), Sweden (Hakelier 1964, 
Nitare 1988, Turander 2012), Switzerland (www.gbif.org), United Kingdom (www.gbif.org); 
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North America: Canada (Nannfeldt 1942, Mains 1954, Voitk 2013), Greenland (Petersen & 
Korf 1982), USA (Peck 1873, Nannfeldt 1942, Mains 1954). 
Specimens Examined 
CANADA: Nova Scotia, Annapolis County, Melvern Square Vault, 3. IX. 1973, K.A. Harrison 
(ILLS 71106). CZECH REPUBLIC: Jizerské hory Mountains, Nature Reserve “Jizerka peat 
bog” 500 m N from “Pešákovna” chalet, Q 5158c, 50°49'45.6" N, 15°20'12.6" E, 882 m, at the 
margin of peat bog with Molinia caerulea and Sphagnum sp., 25. VIII. 2012, J. Gaisler (SAV 
10689), (SAV 10686), (SAV 10681), (SAV 10682). – 380 m NW from “Pod Bukovcem” chalet 
in Jizerka settlement, Q 5158c, 50°48'52.9" N, 15°20'59.1" E, 891 m, moist meadow with 
Sphagnum sp., Carex spp., Juncus spp., 25. VIII. 2012, J. Gaisler (SAV 10687). – 280 m NE 
from “Pyramida” chalet in Jizerka settlement, Q 5158c, 50°49'11.2" N, 15°20'58.8" E, 856 m, in 
peat bog with Pinus mugo and Molinia caerulea, 9. VIII. 2012, J. Gaisler (SAV 10685), (SAV 
10679), (SAV 10680). – 50 m N from “Granit” chalet, Horní Černá Studnice village, Q 5257c, 
50°42'38" N, 15°13'08" E, 760 m, in moist meadow with Sphagnum sp., Carex spp. and Juncus 
spp., 29. VII. 2009, Z. Egertová, M. Kříž s.n. (SAV 10683) – 270 m NE from “Pyramida” chalet 
in Jizerka settlement, in ditch near road, 50°49'10.2" N, 15°21'0.5" E, 857 m, in Sphagnum sp. 
and Molinia caerulea, V. Kučera, J. Gaisler, V. Kautman (SAV 10731). – 320 m SE from 
“Javor” chalet in Jindřichov village, Q 5257c, 50°44'47.8" N, 15°11'54.4" E, 581 m, in moist 
meadow with Sphagnum sp., Carex spp., Juncus spp. and Cirsium palustre, 7. VIII. 2011, J. 
Gaisler (SAV 10671). – Horní Maxov, 300 m E from “U náhonu” chalet and 40 m from a small 
pond, Q 5257a, 50°45'59.8" N, 15°11'59.5" E, 711 m, in wet meadow with Sphagnum sp., Carex 
spp. and Juncus spp., 7. VIII. 2011, J. Gaisler (SAV 10955). NETHERLANDS: Gelderland, 
Lochem, in old meadows with Carex sp. and Juncus sp., 28. VII. 2012, C.F. Roobeek (SAV 
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10956). SLOVAKIA: Laborecká vrchovina Mts., Natural Reserve Haburské rašelinisko peat 
bog, ca 5 km NNE from the Habura village, Q 6697a, 49°22'11" N, 21°53‘09" E, 682 m, in 
Sphagnum sp., 20. IX. 2006, V. Kučera (SAV 9061), (SAV 9070). – Nízke Tatry, village 
Liptovská Teplička, in peat bog pod Soľankou“, 48°58'44" N, 20°02'52" E, 920 m, 9. IX. 2006, 
V. Kučera, I. Kautmanová (SAV 9063). – Kysuce, village Raková, peat bog with Sphagnum sp., 
42°29'18.59" N, 18°40'44.2" E, 677 m, 10. IX. 2009, M. Zajac (SAV 10136). SWEDEN: Närke, 
Sköllersta, ca 1 km S of Hälla, drained swamp, 06. IX. 1964, N. Hakelier (UPS F-122051). – 
Värmland, Övre Ullerud, slightly damp pasture, 22. VIII. 1991, Bo Jansson (UPS F-599179). – 
Vadkärr, municipality of Varberg, pasture, in grass, 57°16'23.5'' N, 12°23'08.3'' E, 16. IX. 2012, 
V. Kučera (SAV 10587). UNITED KINGDOM: England, Dunsop Valley, Forest of Bowland, 
wet, acid soil, associated with Poaceae and short grass, 5. X. 1997, I. Ridge (ILLS 71105). 
UNITED STATES: Kansas, Sedgwick County, Derby, City Park, 18. VI. 2010, M. Melicharová 
(SAV 10129). – Michigan, Chippewa County, Detour, Hardwoods, 20. VIII. 1949, H.A. Imshaug 
(ILLS 3768). – New York, Cortland County, Kennedy State Forest, Scutt Hill Road, 10. VIII. 
2003. T.J. Baroni (TJB 9613) (CORT 005220; ILLS 71160). – Hamilton County, Raquette Lake, 
Long Point, 21. VII. 2007. T. Galante (TG 9) (CORT 005221) – North Carolina, Macon County, 
Nantahala National Forest, Standing Indian Campground, 35º04’33.79” N, 83º31’42.45” W, 
mixed deciduous forest, 3. XIII. 2004, A.S. Methven (ASM 10528) (ILLS 67350). – Haywood 
County, Great Smoky Mountains National Park, Cataloochee, Rough Fork Trail, 35º37’ N, 
83º7’15.8” W, 850 m, 14. VIII. 2009, R.E. Baird (ILLS 71108). – South Carolina, Ocone 
County, Walhalla Fish Hatchery, 34º59.155’ N, 83º04.374’ W, 14. VII. 2008, G. Presley, (ILLS 
71104). – Tennessee, Blount County, Great Smoky Mountains National Park, Cades Cove, 
Junction of Sparks Lane and Cades Cove Loop Trail, on rotten wood, 35º36’23.5” N, 
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83º47’19.6” W, 533m, 13. VIII. 2009, V.P. Hustad (ILLS 61039). – Cocke County, Great Smoky 
Mountains National Park, near Cosby, Madron Bald Trail 35º45’42.1” N, 83º16’15.7” W, 549-
914 m, 21. X. 2009, V.P. Hustad (ILLS 71109). 
 
DISCUSSION 
 
Sequences from twelve collections of Geoglossum simile from throughout Europe and North 
America were shown to be conspecific, occurring in a well-supported clade (100% BS, 1.0 BPP) 
in our analyses. Furthermore, all sequenced collections of G. simile possess less than 3% ITS 
sequence divergence across the entire ITS region (data not shown), further supporting our 
hypothesis that these collections are the same species (Hughes et al. 2009). Interspecific ITS 
variation between G. simile and G. glabrum was 10-11% (data not shown), further casting doubt 
on the synonymy of these species. 
We have chosen to make our typological changes in Geoglossum simile (designation of 
Ft. Edward syntype as the lectotype and designation of new material as the epitype for the 
species) for several reasons: 1) Peck’s original collection of G. simile from Sand Lake has been 
lost, leaving only the syntype collection by Howe from Ft. Edward as the only known extant 
material that had been examined by Peck and this collection is designated here as the lectotype; 
2) due to the age and deteriorating condition (Fig. 4.2A) of the Ft. Edward lectotype collection, 
molecular sequence data cannot be obtained and morphological study is limited, necessitating the 
designation of material of later provenance as the epitype pursuant to Article 9.8 of the 
International Code of Nomenclature for algae, fungi, and plants (McNeill 2012); 3) the epitype 
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collection is from New York and from similar forest as Peck’s original material; and 4) the 
epitype collection consists of several ascomata in good condition (Fig. 4.3A).  
The erroneous synonymy of Geoglossum simile under G. glabrum has likely resulted in 
inaccurate distribution records of G. simile as the species was not recognized as separate from G. 
glabrum until 1941, with Seaver considering the species synonymous as late as 1951. Imai later 
(1962) considered G. simile to be a variety of G. glabrum and designated the species as G. 
glabrum var. simile, although this synonymy was not accepted in subsequent taxonomic works 
on Geoglossaceae (Eckblad 1963, Hakelier 1964, Maas Geesteranus 1965, Benkert 1976, 
Ohenoja 2000, Roobeek 2009). Imai reasoned that the characteristic barrel-shaped terminal cells 
of the paraphyses of G. simile were also present in G. cookeanum Nannf., G. glabrum var. 
americanum Mains, G. glabrum var. glabrum sensu Mains, G. glabrum var. inflatum Mains, G. 
glabrum var. sphagnophilum (Ehrenb.) Fr., and G. japonicum S. Imai. Imai (1962) did not see 
enough dissimilarity in the varieties of G. glabrum described by Mains to be significantly 
distinguishable from one another and held to a broad taxonomic concept of G. glabrum with 
eight varieties of the species. 
Geoglossum glabrum and G. simile are distinctive both macroscopically and 
microscopically. G. glabrum is characterized by a glabrous stipe, ascospores (55–) 65–80 (–90) × 
6–8 µm, and paraphyses slightly longer than the asci with short chains of adherent darkened 
inflated globose cells toward the tips (Imai 1941, Nannfeldt 1942, Mains 1954). Geoglossum 
simile has a more gracile stem roughened with acute tufts or squamules of paraphyses on the 
stipe (especially when dry), slightly longer ascospores ((70–) 75–85 (–100)), though the 
ascospores of the Ft. Edward lectotype were even longer (80–) 82–90 (–94)), and paraphyses 
characterized by barrel-shaped elements at the terminal cells. Lastly, the habitats of the two 
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species are different with G. glabrum nearly always found associated with Sphagnum, whereas 
G. simile is found in a diversity of habitats ranging from soil, humus, rotten logs, and associated 
with Sphagnum. 
Durand undertook the most significant study of the original syntype material collected at 
Sand Lake by Peck. Although he considered Peck’s material to represent Geoglossum glabrum, 
his illustration of the paraphyses of the Sand Lake collection (Fig. 53, Durand 1908), clearly 
shows the characteristic barrel-shaped terminal cells of the paraphyses in G. simile, a character 
that is not depicted in other illustrations of G. glabrum (or any other Geoglossum) in his 
monograph. Mains (1954) also examined Peck’s Sand Lake collection and reported similar 
measurements and morphologies to both the Ft. Edward lectotype and our designated epitype. 
Other species of Geoglossum have been placed in synonymy with either G. glabrum or G. 
simile. G. cookeanum is morphologically similar to G. glabrum, with the major distinction being 
the lack of dark pigmentation at the terminal cells of the paraphyses, weaker adherence of 
paraphyses, and greater variation in size of the terminal cells. These characters were considered 
distinctive enough for Nannfeldt (1942) to separate G. cookeanum from G. glabrum, and the 
treatment of this taxon as a separate species was accepted in nearly every subsequent publication 
on Geoglossaceae (Bille-Hansen 1954, Maas Geesteranus 1964b, Benkert 1976, Ohenoja 2000), 
with the notable exception of Mains (1954), who believed the differences to represent simple 
variation and placed G. cookeanum as a synonym under G. glabrum. Spooner (1987) listed G. 
glabrum as a synonym under G. cookeanum based on the lack of reliable type material for G. 
glabrum from Persoon’s collections. The validity of synonyms of G. glabrum is of taxonomic 
relevance and will be addressed in a future study. 
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Geoglossum japonicum was accepted by Imai (1962) as another variety under G. 
glabrum. The paraphyses of G. japonicum are more similar to G. cookeanum and differ from G. 
simile in having irregularly and strongly curved to circinate end cells. The ascospores of G. 
japonicum were reported by Imai (1941) as 60–97.5 × 6–8 µm, well within the range of G. 
simile. Although we have not examined the type material of G. japonicum, the distinctive 
paraphyses of this species seem sufficient to separate this species from both G. simile and G. 
glabrum. 
Imai (1962) also specifically mentioned three other varieties of Geoglossum glabrum (G. 
glabrum var. americanum, G. glabrum var. inflatum, G. glabrum var. sphagnophilum) as 
showing the characteristic paraphyses of G. simile. Geoglossum glabrum var. americanum is the 
most distinct of the three varieties with paraphyses strongly constricted at the septa and 
producing globose upper cells, which bear little resemblance to G. simile. Geoglossum glabrum 
var. inflatum has paraphyses that are rarely constricted at the terminal septum, but also rarely 
produce two-celled elements, a common and often noticed character in nearly all collections of 
G. simile.  
Geoglossum glabrum var. sphagnophilum (= G. sphagnophilum) is currently regarded as 
a synonym of G. glabrum, based on similarities of paraphyses, ascospores, and habitats for both 
taxa. However, as indicated in Figure 4.1, the specimen identified as G. sphagnophilum does not 
group with either G. glabrum or G. simile in our analyses. Our data supports the treatment of 
these taxa as two separate species. The validity of the name G. sphagnophilum and a 
phylogenetic treatment of this species and other synonyms of the G. glabrum group will be 
addressed in a future publication. 
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Confusion over the identity and taxonomical status of Geoglossum simile has resulted 
from the variability that occurs in its paraphyses and the inadequate amount of material that has 
been studied. Measurements of asci and ascospore sizes are very similar in all studied specimens, 
with no significant differences observed between Slovak and Czech specimens, other European 
material, or from the lectotype specimen and other North American material. Minor differences 
were observed in the shape of paraphyses and in the size of apical cells of the paraphyses, with 
variation occasionally noticed in different ascomata of the same collection. Thinner apical cells 
were observed in collections from the Czech Republic (SAV 10686) and USA (SAV 10126): 8–
14 × 5–7 µm and 9–11 × 5–6 µm, respectively, while thicker apical cells (7–12 × 9–10 µm) were 
observed in a collection from Sweden (SAV10587). In one collection from Slovakia (SAV 9063) 
we observed variable apical cells in the paraphyses, both thin (9–10 × 5–6 µm) and thick (10–15 
× 7–10 µm), in the same ascoma. This variability in apical cell diameter appears to be normal 
variation within the species. 
 
CONCLUSIONS 
 
Our analyses indicate that all collections of G. simile we examined from Europe and North 
America represent a single, widespread species. We observed strong uniformity in 
morphological characters, which overlapped within one standard deviation of one another, 
among most European and North American collections. Although variation was observed in the 
morphology of the paraphyses, specifically the size of the apical terminal cells, there was no 
correlation between these characters and molecular data. Molecular evidence generated in this 
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study further indicates that all collections of G. simile sampled are conspecific, with less than 3% 
intraspecific sequence divergence observed in the ITS gene. 
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CHAPTER 5: STUDIES IN THE GENUS GLUTINOGLOSSUM4 
 
ABSTRACT 
 
The genus Glutinoglossum is a recently described genus in Geoglossomycetes, characterized by 
viscid black fruiting bodies. Glutinoglossum was described based on molecular evidence 
showing that the fungus formerly known as Geoglossum glutinosum formed a well-supported 
clade separate from Geoglossum. This study provides a comprehensive examination of 
Glutinoglossum based on maximum likelihood and Bayesian analyses of a data set that includes 
nuc rDNA internal transcribed spacer and partial 28S regions, and the nuc genes for RNA 
polymerase II largest subunit (RPB1) and minichromosome maintenance complex component 7 
(MCM7). Four new species are described, an emended description of Glutinoglossum 
glutinosum, and a key to the genus Glutinoglossum is provided. 
 
INTRODUCTION 
 
Geoglossomycetes, commonly referred to as earth tongues, is a class in the Ascomycota 
presently comprised of one family (Geoglossaceae) and eight genera: Geoglossum Pers., 
Glutinoglossum Hustad, A.N. Mill., Dentinger & P.F. Cannon, Hemileucoglossum Arauzo, 
Leucoglossum S. Imai, Nothomitra Maas Geest., Sabuloglossum Hustad, A.N. Mill., Dentinger & 
P.F. Cannon, Sarcoleotia S. Ito & S. Imai, and Trichoglossum Boud. (Hustad et al. 2013, Arauzo  
______________________ 
4This chapter appeared in its entirety in the journal Mycologia and is referred to later in this dissertation as “Hustad 
& Miller 2015a”. Hustad VP, Miller AN. Studies in the genus Glutinoglossum. 107(3): 647–657. This article is 
reprinted with permission of the publisher and is available from http://www.mycologia.org/cgi/doi/10.3852/14-328 
using DOI 10.3852/14-328 
65 
and Iglesias 2014). Glutinoglossum is a recently described genus of earth tongue fungi in the 
class Geoglossomycetes (Ascomycota). Presently, Glutinoglossum includes two species: G. 
glutinosum (Pers.) Hustad, A.N. Mill., Dentinger & P.F. Cannon, and G. heptaseptatum Hustad, 
A.N. Mill., Dentinger & P.F. Cannon (Hustad et al. 2013). Fungi of the genus Glutinoglossum 
are characterized by the production of viscid, black, clavate ascocarps with a distinct gelatinous 
layer of elongated, hyaline, sparsely-septate paraphyses covering most of the surface of the 
ascocarp, and slowly maturing ascospores which are initially hyaline and lack septation, but later 
develop septa and become brown. Glutinoglossum glutinosum, commonly known as the 
glutinous earth tongue, is among the first species of Geoglossomycetes reported in mycological 
literature and has been subjected to a number of nomenclatural changes since the fungus was 
described by C.H. Persoon in 1796 as Geoglossum glutinosum Pers. 
Taxonomic confusion has surrounded Geoglossum glutinosum for nearly as long as the 
species has been studied by mycologists. Following his description of G. glutinosum in 1794, 
Persoon described G. viscosum Pers. in 1797 and G. glutinosum var. lubricum Pers. in 1822. 
These species descriptions are ambiguous, as can only be expected in the years pre-dating 
contemporary microscopy. G. viscosum was described as a shorter form of G. glutinosum, and G. 
glutinosum var. lubricum was distinguished from G. glutinosum in being entirely covered with a 
viscid gelatinous layer. Both species were later examined and reduced to synonyms of G. 
glutinosum by Durand (1908). 
Hazslinszky (1881) described Cibalocoryne as a subgenus of Geoglossum and included 
the species Cibalocoryne viscosula Hazsl. in his protologue. As Cibalocoryne was not a validly 
published genus, this species was later transferred by Saccardo (1884) to Geoglossum viscosulum 
(Hazsl.) Sacc. Imai (1942) continued to treat Cibalocoryne as a separate genus within the 
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Geoglossaceae, and later transferred G. glutinosum to Cibalocoryne glutinosa (Pers.) Imai. 
Hazslinszky’s species was later synonymized under Geoglossum glutinosum by Nannfeldt 
(1942), who also stated that “[t]he genus Cibalocoryne lacks thus every raison d’être”. This 
sentiment was reinforced by Mains (1954) and Maas Geesteranus (1965) who found 
Cibalocoryne to be a nomen ambiguum and subordinate to Geoglossum. 
Durand (1908) described the genus Gloeoglossum E.J. Durand to contain species of 
Geoglossum with “viscid-gelatinous consistency when fresh” and with paraphyses that are “not 
confined to the hymenium but continue with unchanged form down the stem to its base”. Durand 
transferred all of the known viscid species of Geoglossum to this new genus, including G. 
difforme (Fr.) E.J. Durand (the type species of the genus), G. affine E. J. Durand, and G. 
glutinosum (Pers.) E.J. Durand. Nannfeldt (1942) reduced Gloeoglossum to synonymy and 
transferred the three species back to Geoglossum, a transfer that was also supported by Mains 
(1954). 
Species of Glutinoglossum are among the rarer earth tongues in North America, with 
specimens labeled Geoglossum glutinosum accounting for less than 5% of all Geoglossomycetes 
specimens in the 39 member herbaria of MycoPortal (http://mycoportal.org/portal/index.php) 
and 34/887 (3.8%) at MICH, which holds the largest collection of Geoglossomycetes in North 
America. While Geoglossomycetes are infrequently collected in New Zealand, 41/258 (16%) in 
PDD were identified as Geoglossum glutinosum or Glutinoglossum, suggesting a higher diversity 
of glutinous earth tongues may be present in New Zealand. 
Further collecting and analyses of Glutinoglossum collections since our previous 
publication (Hustad et al. 2013) has resulted in the discovery of four previously undescribed 
cryptic species of Glutinoglossum from North America and Australasia. This paper describes 
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these new species along with an emended description of Glutinoglossum glutinosum, and 
provides an overview of the genus Glutinoglossum. 
 
MATERIALS AND METHODS 
 
Morphological Analyses.—Samples were obtained from freshly-collected material or herbarium 
specimens. Mature discharged ascospores were obtained by tapping fresh or dried ascomata in a 
drop of water on a slide (Mains 1954). Dehydrated ascomata were hand-sectioned and a small 
amount of hymenium was squash-mounted in 5% KOH for observation of micro-morphological 
characters. Images of pertinent micro-morphological characters were captured using a QImaging 
QColor 3 digital camera mounted on an Olympus BX51 compound microscope using differential 
interference microscopy. Images were processed with Adobe Photoshop 7.0 (Adobe Systems 
Inc., Mountain View, California). A minimum of 30 measurements were taken when possible for 
each micro-morphological character using NIH Image 1.63 (National Institutes of Health, 
Bethesda, Maryland). Mean and standard deviation of ascus and ascospore size were recorded. 
Taxonomic novelties and associated data were registered in MycoBank (Crous et al. 2004). 
Molecular Procedures.—Total genomic DNA was extracted from approximately 0.5 cm2 of 
hymenium tissue from a single dried ascoma using a QIAGEN DNeasy Plant Mini Kit (QIAGEN 
Inc., Valencia, California). Gene fragments were PCR amplified following the methods outlined 
in Matheny et al. (2002), Promputtha and Miller (2010), and Raja et al. (2011), and purified 
using a Promega Wizard SV Gel and PCR Clean-Up System (Promega Corp., Fitchburg, 
Wisconsin). Sequences were generated on an ABI Applied Biosystems 3730XL high-throughput 
DNA capillary sequencer at the UIUC Keck Center for Comparative and Functional Genomics. 
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Two regions of nuc rDNA were amplified and sequenced: the ca. 570 bp internal transcribed 
spacer (ITS) region, consisting of the ITS1, 5.8S, and ITS2 regions, was amplified and 
sequenced using a combination of the primers ITS5, ITS1, and ITS4 (White et al. 1990); and a 
ca. 630 bp fragment of the 5’ end of the 28S rRNA coding sequence (28S) region containing the 
D1-D2 domains was amplified and sequenced using the primers JS1 (Landvik 1996) and LR3 
(Vilgalys and Hester 1990). 
Two single-copy protein-coding genes were also used in addition to the ITS and 28S 
rDNA regions to further elucidate evolutionary relationships. The minichromosome maintenance 
complex component 7 gene (MCM7) is a single-copy gene that codes for a DNA replication 
licensing factor required for eukaryotic genome replication initiation and cell proliferation (Moir 
et al. 1982, Kearsey and Labib 1998). MCM7 has been shown to produce highly accurate 
phylogenies in fungi (Aguileta et al. 2008, Schmitt et al. 2009), across a wide range of 
ascomycete taxa including Geoglossomycetes (Raja et al. 2011, Hustad et al. 2013). The primers 
709F and 1348R (Schmitt et al. 2009) were used for PCR amplification and sequencing of the 
642 bp segment of MCM7. 
The second single-copy protein-coding gene used in these analyses was the RNA 
polymerase II subunit 1 gene (RPB1). Schoch et al. (2009b) found RPB1 to have the highest per-
site informativeness (Townsend 2007) across six genes in the Ascomycota. RPB1 analysis has 
also recently been shown to provide reliable phylogenies within Geoglossomycetes (Hustad et al. 
2013). The primers RPB1af (Stiller et al. 1997) and RPB1cr (Matheny et al. 2002) were used for 
amplification and sequencing of an 849 bp region of the RPB1 gene. 
Phylogenetic Analyses.—Individual gene alignments were created by eye in Sequencher 5.0.1 
(Gene Codes Corp., Ann Arbor, Michigan) and optimized if necessary using Muscle 3.8.31 
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(Edgar 2004) in Seaview 4.4.2 (Gouy et al. 2010). Ambiguous regions were removed from 
individual gene data sets using Gblocks 0.91b (Castresana 2000) under the following parameters: 
for ITS: minimum number of sequences for both conserved and flanking regions = 13, maximum 
number of contiguous, nonconserved regions = 4, minimum length of a block = 2, and allowed 
gap positions in 50% of sequences; for 28S: minimum number of sequences for both conserved 
and flanking regions = 11, maximum number of contiguous, nonconserved regions = 2, 
minimum length of a block = 2, and allowed gap positions in 50% of sequences. 
The GTR+I+G model was determined as the best-fit model of evolution for all four genes 
based on the Akaike Information Criterion (AIC) (Posada and Buckley 2004) utilized by 
jModelTest 2.0 0.1.1 (Guindon and Gascuel 2003, Darriba et al. 2012) on XSEDE platform of 
the CIPRES Science Gateway Teragrid (Miller et al. 2010). Maximum likelihood (ML) analyses 
were performed on all four individual gene alignments using PhyML 3.0 (Guindon et al. 2010) 
on the ATGC server (http://www.atgc-montpellier.fr/phyml/) under the GTR+I+G model with 
six rate classes and invariable sites optimized. The best of subtree pruning and regrafting (SPR) 
and nearest neighbor interchange (NNI) was implemented during the heuristic search. 
Nonparametric bootstrap support (Felsenstein 1985) (BS) was determined with 1000 replicates. 
Clades with BS values of > 70% were considered significant (Hillis and Bull 1993). 
Bayesian inference employing a Markov Chain Monte Carlo (MCMC) algorithm was performed 
using MrBayes 3.2.2 (Ronquist et al. 2012) on XSEDE. Four independent chains of MCMC were 
run for 10 million generations with trees sampled every 1000 generations. Clades with Bayesian 
posterior probability (BPP) values of > 95% were considered significant (Alfaro et al. 2003). 
Tracer 1.5 (Rambaut and Drummond 2009) was used to estimate effective sample size (ESS) 
(i.e. burn-in) using the standard deviation of split frequencies produced by Bayesian analysis. 
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Individual data sets of ITS, 28S, MCM7, and RPB1 were examined for potential conflict 
before concatenation into a single data set for total evidence analysis (Kluge 1989, Eernisse and 
Kluge 1993). Individual gene phylogenies were considered conflicting if clades with significant 
ML BS and BPP were conflicting in the individual tree topologies (Wiens 1998, Alfaro et al. 
2003, Lutzoni et al. 2004). Because there were no significant conflicting clades among the 
individual gene trees, all genes were concatenated for final analyses in the following order: ITS, 
28S, MCM7, RPB1. Phylogenetic analyses were then performed on the concatenated data set 
using the same methods used in the individual data sets. Alignments and trees are deposited in 
TreeBASE (http://treebase.org) under submission ID 16987. 
 
RESULTS AND DISCUSSION 
 
Forty-five sequences were generated in this study, consisting of 12 ITS, 12 28S, 11 MCM7, and 
11 RPB1 sequences (Table 5.1). These were analyzed together with 7 ITS, 7 28S, 6 MCM7, and 
6 RPB1 sequences from our previous studies (Hustad et al. 2011, Hustad et al. 2013) and 
sequences of Glutinoglossum from previously published research (Wang et al. 2005, 2011, Brock 
et al. 2009) along with one environmental ITS sequence suggested to be closely related to 
Glutinoglossum by a GenBank BLAST search (DQ421173). Twenty-four specimens, 
representing a total of six Glutinoglossum species, three outgroup species, and one 
environmental sequence were included in the analyses. Of the 24 specimens included in the final 
data set, missing data were ITS for one taxon, 28S for four taxa, MCM7 for seven taxa, and 
RPB1 for seven taxa (Table 5.1). In the combined data set, sequences for all four markers were 
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available for 61% of the specimens and sequences of at least two genes were available for 83% 
of specimens. 
The final combined data matrix had an aligned length of 3833 bp, which was reduced to 
2681 bp after the removal of 1152 bp of ambiguously aligned or gap regions by Gblocks. Of the 
2681 characters used in the final phylogenetic analyses, 460 were constant and 2221 were 
variable. A burn-in of 10% was estimated using Tracer v. 1.5 to be sufficient to remove the pre-
stationary posterior probability distribution, resulting in an ESS value of 3537.858. The standard 
deviation of split frequencies was -9455.358 at the end of the four-gene Bayesian analysis. 
Figure 5.1 represents the most likely tree produced by PhyML of the final combined data set. 
The combined data analyses suggest a total of six distinct species within the genus 
Glutinoglossum, four of which have not been previously described. Below we present a 
description of the genus Glutinoglossum and descriptions for all six species. 
TAXONOMY 
Glutinoglossum Hustad, A.N. Mill., Dentinger & P.F. Cannon 
Mycobank: MB801343 
Type species: Glutinoglossum glutinosum (Pers.) Hustad, A.N. Mill., Dentinger & P.F. Cannon 
Ascocarps single to scattered to gregarious, occasionally subcaespitose, 1–5 cm in height, often 
entirely viscid-gelatinous, usually entirely black, stipitate, with black fertile hymenium usually 
restricted to the upper third to upper half of the ascocarp. Asci clavate to cylindrical, narrow and 
long with ascospores variously clustering in the apical portions of the ascus or throughout, J+ 
apical pore. Ascospores cylindric to clavate, often slightly curved, slow-maturing, initially 
hyaline and aseptate, becoming variously septate and tan to brown with maturity. Paraphyses 
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prominent, mostly straight, hyaline below becoming pale brown toward the apex, apical cells 
variously enlarged and sometimes embedded in a distinct hyaline to light brown gelatinous layer. 
 
Glutinoglossum americanum Hustad & A.N. Mill., sp. nov. 
Mycobank MB811410 
Typification: USA. TENNESSEE: Sevier Co., Great Smoky Mountains National Park, 5 miles 
east of Gatlinburg, Greenbrier, Trail to Whaley Cemetery, 35º 42’ 27.2” N, 83º 22’ 54.1” W, 549 
m elev., 15 Aug 2009, ANM 2231 (holotype ILLS 67352). 
 Etymology: Native to the Americas. 
           Fig. 5.2 
 Ascocarps single, scattered or subcaespitose, cylindric-clavate, 1.5–4.5 cm in height, 
viscid, becoming gelatinous when wet; hymenium black, one third to one half the length of the 
ascocarp, cylindric-clavate to ellipsoidal, 2–6 mm wide at widest point; stipe cylindric-terete, 
distinctly viscid; slightly paler than the hymenium. Asci clavate, (170–)182–220(–235) × (12–
)12.5–14.5(–15.5) µm (201.2 ± 18.9 × 13.6 ± 0.9 µm) in rehydrated material, 8-spored, with 
mature ascospores often clustering towards the apex, leaving the bottom 25–45% of the ascus 
base hyaline (Fig. 5.2A). Ascospores fusiform-clavate, (56.5–)61.5–69.5(–75) × (3.5–)4–4.5(–5) 
µm (65.6 ± 3.8 × 4 ± 0.4 µm), initially aseptate and hyaline, developing septations in a 1-, 3-, 7-
pattern, predominantly 7-septate and brown at maturity (Fig. 5.2B), although mature discharged 
spores with fewer septations have been observed. Paraphyses hyaline below, becoming dark 
brown at apex, tips pyriform to capitate, apical cells inflated (3.5–7.5 µm diam in rehydrated 
material), often embedded in a thin layer of brown, amorphous matter (Fig. 5.2C). 
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 Distribution and habitat: NORTH AMERICA: USA (Mains 1954, this paper). On soil 
usually among moss (often Thuidium) in mixed deciduous forest. 
 Additional specimens examined: USA. MICHIGAN: Alger County, Rock River. Aug 
1929, AHS s.n. (MICH s.n.); Luce County, Newberry. On moss, 28 Aug 1923, EBM 33–256 
(MICH s.n.); Mackinac County, Hardwoods North of Hessel. 15 Aug 1949, H Imshaug 3469 
(MICH s.n.); NORTH CAROLINA: Haywood Co., Great Smoky Mountains National Park, 
Cataloochee, Caldwell Fork Trail, 35º37’N, 83º6’W, 762 m. On soil in mixed deciduous forest, 
14 Aug 2009, ANM 2177 (ILLS 64360); Swain Co., Great Smoky Mountains National Park, 
Smokemont. On soil in mixed deciduous forest, 35º33’N, 83º18’ W, 640 m. 16 Aug 2009, ANM 
2247 (ILLS 64444). 
 Comments: This species may be confused with Geoglossum affine Durand, a species with 
similar distribution, viscid ascocarps, and ascospore sizes. However, the paraphyses of G. affine 
are closely septate at the apex and the individual apicular cells are variously enlarged unlike in 
G. americanum. Moreover, we have examined voucher material of G. affine and find it should 
remain in the genus Geoglossum based on morphological and molecular data (not shown). While 
we have only seen collections of G. americanum from three states in eastern North America, this 
species may be widely distributed throughout the continent. 
 
Glutinoglossum australasicum Hustad & A.N. Mill. sp. nov. 
MycoBank MB811411 
Typification: NEW ZEALAND. SOUTH CANTERBURY: Peel Forest, Fern Walk, 29 May 
2013, VPH NZ13–61 (holotype PDD 103623; isotype ILLS 72403). 
 Etymology: Native to Australasia. 
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           Fig. 5.3 
 Ascocarps single to scattered, cylindric-clavate, viscid (although sometimes not 
distinctly), 2.5–5 cm tall; hymenium black, 2–4 mm wide at broadest point; stipe 1–2 mm wide 
at apex, slightly paler than hymenium in older specimens. Asci broad, clavate, (205–)208–256(–
276) × (17–)17.5–19.5(–20.5) µm (231.7 ± 22.4 × 18.4 ± 0.9 µm) in rehydrated material, 8-
spored, the ascospores found throughout the ascus, resulting in a very small hyaline base (Fig. 
5.3A). Ascospores initially hyaline though becoming brown with maturity, elongate-clavate, 
slightly curved, predominantly 7-septate, although occasionally 3-septate mature spores are 
present, (77–)80–92(–99) × (3.5–)4–5(–6) µm (86.1 ± 5.7 × 4.6 ± 0.5 µm) (Fig. 5.3B). 
Paraphyses filiform, sparsely septate above, apices clavate-cylindrical, slightly agglutinated at 
the tips by a brown gelatinous matter, enlarged at apex (3.5–6.5 µm diam in rehydrated material) 
(Fig. 5.3C). 
 Distribution and habitat: AUSTRALASIA: Australia (Spooner 1987), New Zealand (this 
paper). Scattered to gregarious in rich humus and forest soil. 
 Additional specimens examined: AUSTRALIA. MACQUARIE ISLAND: On wet 
moss/liverwort peat, beach ridge plateau. 25 Jan 1995.GAL 6065 (WTU-F 24237); GAL 6069 
(WTU-F 24241); East Half Moon Bay. Above tussock grasses in wet hub field, among 
Achrophyllum dentatum, Clasmotocolea paucistipula, Lophocolea bidentata. 14 Feb 1995. GAL 
6352 (WTU-F s.n.); In a wet hub field, growing among Lophocolea, Megaceros, and 
Plagiochila. 5 Feb 1995. GAL 6183 (WTU-F 19902); NEW ZEALAND. BULLER: Paparoa 
National Park, Cave Creek Track, 26 May 2013, VPH NZ13–48 (PDD 103610); Inland Pack 
Track, 26 May 2013, VPH NZ13–44 (PDD 103606). GISBORNE: Te Urewara National park, 
Lake Whakamaroena, Waikareiti Track, 9 May 2001, E. Johannesen s.n., (PDD 73996); Trail to 
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Lake Wakareiti, 12 May 2013, VPH NZ13–15 (PDD 103579); MARLBOROUGH: Mt. 
Richmond Forest Park, Nydia Track, 31 May 2013, VPH NZ13–69 (PDD 103631); SOUTH 
CANTERBURY: Peel Forest, Fern Walk, 29 May 2013, VPH NZ13–57 (PDD 103619); 
WESTLAND: Haast-Paringa Cattle Track, Northern Car Park, 27 May 2013, VPH NZ13–51 
(PDD 103613); VPH NZ13–52 (PDD 103614). 
 Comments: Spooner (1987) describes a collection (Beaton 134) from Victoria, Australia 
with uniformly 7-septate spores that matches the description of Glutinoglossum australasicum. 
This species seems to be the most abundant Glutinoglossum in Australasia, accounting for over 
85% of specimens that have been collected from Australia and New Zealand. 
 
Glutinoglossum exiguum Hustad & A.N. Mill. sp. nov. 
MycoBank MB811412 
Typification: NEW ZEALAND. TAUPO: Whiranaki Forest Park, Whiranaki Waterfall Trail, on 
damp mossy embankment, 11 May 2013, VPH NZ13–10 (holotype PDD 103574; isotype ILLS 
72404). 
 Etymology: Refers to the small, but well-proportioned ascocarps and ascospores. 
           Fig. 5.4 
 Ascocarps scattered, clavate-capitate, 2.5–3.5 cm, black, viscid or not when fresh, with 
prominent paraphyses extending from the hymenium, visible with a hand lens when fresh; 
hymenium black, extending one-fourth to one-third the total length of the fruiting body, 2–3 mm 
wide; stipe black, 1–1.5 mm wide at apex. Asci clavate-cylindrical, (165–)185–245(–261) × 
(13.5–)15–16(–17) µm (215.7 ± 25.9 × 15.3 ± 1 µm) in rehydrated material, ascospores 
occupying 75–85% of the ascus, resulting in a hyaline base (Fig. 5.4A). Ascospores initially 
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hyaline, becoming brown in maturity, elongate-clavate, (74–)83–92(–95) × (3–)4–5(–5.5) µm 
(88.5 ± 4.2 × 4.5 ± 0.4 µm), 7-septate when mature (Fig. 5.4B). Paraphyses sparsely septate, 
hyaline below, brown above, distinctly pyriform-globose and inflated at the apex (4.6–7.1 µm 
diam in rehydrated material), embedded in a matrix of light brown gelatinous material (Fig. 
5.4C). 
 Distribution and habitat: AUSTRALASIA: Australia (this paper), New Zealand (this 
paper). Single to scattered on moss in mixed deciduous forest. 
 Additional specimens examined: AUSTRALIA. MACQUARIE ISLAND. Handspike 
Corner Herb Field. In fibrous moist peat beneath Stilbocarpa. 20 Apr 1995, GAL 7225 (WTU-F 
23956). NEW ZEALAND. BULLER. Paparoa National Park, Cave Creek Track. 26 May 2013, 
VPH NZ13–49 (PDD 103611). 
 Comments: This species is morphologically very similar to Glutinoglossum 
australasicum, but careful morphological examination is capable of differentiating between the 
two species. G. australasicum has a generally larger ascocarp and is found in greater 
abundances. G. exiguum has distinctly pyriform-globose inflated paraphyses tips that are 
conspicuous in fresh material with a hand lens. The ascospores sizes of the two species largely 
overlap, but the ascospores in G. australasicum are slightly longer and wider. 
Dennis (1961) cites a specimen (Berggren 6) from Waitaki, New Zealand (described as a nomen 
nudum by Cooke as Geoglossum glabrum var. minor) under Geoglossum glutinosum in which 
the ascospores are uniformly 7-septate. We have not been able to locate this material and no 
further description of the fungus is provided, but it is likely either Glutinoglossum australasicum 
or Glutinoglossum exiguum. 
 
77 
Glutinoglossum glutinosum (Pers.) Hustad, A.N. Mill., Dentinger & P.F. Cannon 
 = Geoglossum glutinosum Pers., Observ. Myc. 1:11. 1796. 
 = Geoglossum glutinosum var. glutinosum Pers., Observ. Myc. 1:11. 1796. 
 = Geoglossum viscosum Pers., Comment. Fung. Clav:39. 1797. 
= Geoglossum glutinosum ß lubricum Pers., Myc. Eur. I:197. 1822. 
= ?Geoglossum (Cibalocoryne) viscosulum Hazsl., Értek. Term. Köréb. 19:8. 1881. 
 = Geoglossum viscosulum Sacc., Syll. Fung. VIII:43. 1889. 
 ≡ Gloeoglossum glutinosum (Pers.) Durand, Ann. Myc. VI:419. 1908. 
≡ Cibalocoryne [as ‘Cibarocoryne’] glutinosa (Pers. ex Fr.) Imai, Bot. Mag. (Tokyo) 
56:525. 1942. 
Typification: Europe, Persoon, Lugd. Bat. no. 910.261-767 (L 0110938). 
 Ascocarps single, scattered or caespitose, very viscid, becoming gelatinous when wet, 
clavate, 1.5–5.5 cm in height; hymenium black, one-third to one-half the length of the ascocarp, 
bilaterally compressed, clavate, cylindrical or ellipsoidal, 3–6 mm wide, sometimes with a 
vertical median groove; stipe dark brown to black, terete, glabrous, viscid, 2–3 mm wide at apex. 
Asci cylindrical to narrowly clavate, (175–)220–265(–290) × (10–)12–16(–18) µm (240 ± 18.2 × 
13.6 ± 2.1 µm) in rehydrated material, 8-spored; the ascospores occupying the upper 65–75% of 
the ascus, resulting in a hyaline ascus base. Ascospores fusiform-clavate, straight to slightly 
curved, (51–)59–65(–77) × (3.5–)4–5(–5.5) µm (62.8 ± 3.6 × 4.4 ± 0.5 µm), often aseptate when 
young, usually 3-septate when fully mature, although occasionally 1-, 5-, and 7-septate mature 
ascospores are observed, initially hyaline, eventually becoming brown. Paraphyses sparsely 
septate, hyaline below, light to dark brown above, broadly obovoid to pyriform (4–11 µm diam 
in rehydrated material). 
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 Distribution and habitat: AFRICA: Macaronesia (Spooner 1987), Morocco (El Kholfy et 
al. 2014). ASIA: Bhutan (Prasher and Sharma 1997), China (Zhuang 1998), India (Maas 
Geesteranus 1965, Prasher and Sharma 1997), Japan (Imai 1941), Philippines (Baker 1914). 
AUSTRALASIA: Australia (Massee 1897, Spooner 1987, www.gbif.org), New Zealand (Shirley 
2004, www.gbif.org). EUROPE: Austria (Massee 1897), Belgium (Massee 1897), Bulgaria 
(Hinkova and Stoichev 1983), Czech Republic (Velenovsky 1934, Hustad et al. 2013), Denmark 
(Ohenoja 2000, www.gbif.org), Finland (Massee 1897, Ohenoja 1995, 2000, www.gbif.org), 
France (Massee 1897, Moingeon and Moingeon 2003), Germany (Massee 1897, Benkert 1976, 
www.gbif.org), Greece (Zervakis et al. 2002), Ireland (Mitchel 2006, www.gbif.org), The 
Netherlands (Maas Geesteranus 1964b, Hustad et al. 2013), Norway (Ohenoja 2000, 
www.gbif.org), Portugal (Massee 1897), Slovakia (Kučera and Lizon 2012), Spain (Arauzo and 
Iglesias 2014), Sweden (Massee 1897, Nannfeldt 1942, www.gbif.org), Switzerland (Massee 
1897), United Kingdom (Massee 1897, Dennis 1978, Hustad et al. 2013, www.gbif.org). 
NORTH AMERICA: Bermuda (Waterston et al. 1945), Canada (Durand 1908, Voitk 2013), 
Mexico (Ramirez-Lopez and Rios 2007), USA (Mains 1954, Hustad et al. 2013). On soil in wet 
places and unfertilized grassland. This fungus is typically found associated with hardwoods in 
North America, whereas it is commonly encountered in pastures and dune slacks in Europe. In 
India, it has been reported from soil in oak forests or among mosses on stony slopes at an altitude 
of 2000 m (Maas Geesteranus 1965). 
 Additional specimens examined: CZECH REPUBLIC. CENTRAL BOHEMIA: Mladá 
Boleslav, Baba u Kosmonos, deciduous forest, south slope, 30 Oct 2010, J. Gaisler s.n. (ILLS 
64443); LIBEREC: Hamrtejn, deciduous forest, South slope, 25 Aug 2010, J. Gaisler s.n. 
(ILLS 64451); Jablonné v Podjetědí, in grass and moss, 20 Oct 2010, Z. Egertová s.n. (ILLS 
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64453); Rasovka, mowed meadow, southeast slope, 4 Oct 2010, J. Gaisler s.n. (ILLS 67353); 
THE NETHERLANDS. NORTH HOLLAND: Bergen, on slaperdijk, N52º43’, E4º39’, 24 Nov 
2008, CFR-241108-D (ILLS 64449); UNITED KINGDOM. ENGLAND: Lancashire, Clitheroe, 
Billington, Whalley Old Road, Moonside Cottage, on acid, mossy soil, N53º48’,W2º25’, 12 Oct 
1996, I. Ridge s.n. (ILLS 64450); SCOTLAND: Skye, Glen Eynort, in short grass along 
roadway, N57º15’, W6º20’, 17 Oct 2011, ANM 2498 (ILLS 72217); Sleat, Tokavaig, in short 
grass along roadway N57º7’,W5º58’, 16 Oct 2011, ANM 2485 (ILLS 64447); Talisker Beach, in 
sheep-grazed grass, N57º16’,W6º27’, 21 Oct 2011, ANM 2529 (ILLS 64448); WALES: Trefor, 
on short grass and moss, N52º59’,W4º26’, 9 Oct 2011, ANM 2456 (ILLS 64445); Snowdonia 
National Park, in sheep-grazed grass and moss, N53º4’,W4º4’, 13 Oct 2011, ANM 2476 (ILLS 
64446); UNITED STATES. NEW HAMPSHIRE: Coos County, Randolph, 19 Aug 1938, EBM 
4207 (MICH). 
 Comments: We provide an emended description with a narrower range of ascospore sizes 
more closely approximating the measurements of Persoon’s type specimen reported by Durand 
(1908). There does not seem to be definitive evidence that true Glutinoglossum glutinosum exists 
in Australasia. All of the specimens collected from Australia and New Zealand have been either 
G. australasicum or G. exiguum. The existence of true G. glutinosum in Australasia would not be 
without precedent as species of Geoglossomycetes described from the Northern Hemisphere (e.g. 
Geoglossum cookeanum, Trichoglossum hirsutum) have been collected from Australasia. A wide 
variety of ascospore sizes have been reported for this species, both from North America and 
Europe. Owing to the evident of cryptic speciation in Glutinoglossum, it seems likely that many 
of the published measurements are the result of examination of mixed collections and non-
discharged ascospores. 
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Glutinoglossum heptaseptatum Hustad, A.N. Miller, Dentinger & P.F. Cannon 
Typification: CZECH REPUBLIC. HRADEC KRÁLOVÉ: Betlem, moist pasture with moss. 20 
Oct 2010. J. Gaisler s.n. (ILLS 63754). 
 Ascocarps single or scattered, viscid, 2–4.5 cm tall; hymenium black, viscid, one-fourth 
to one-third the length of the ascocarp, 3–6 mm wide; stipe dark brown, terete, viscid. Asci 
clavate, 170–205 × 18–22 µm (190.9 ± 12.6 × 19.8 ± 1.1 µm) in rehydrated material, 8-spored, 
the ascospores occupying the upper 60–75% of the ascus, resulting in a hyaline ascus base. 
Ascospores initially hyaline, brown at maturity, (59–)61–70(–74) × (3.5–)4–5.5(–6.5) µm (65.9 
± 4.8 × 4.8 ± 0.6 µm), predominantly 7-septate at maturity. Paraphyses sparsely septate, hyaline 
below, light brown above, embedded in a light brown gelatinous matrix, slightly inflated obovoid 
to pyriform at the apex (4–8 µm diam in rehydrated material). 
 Distribution and habitat: EUROPE: Czech Republic (Hustad et al. 2013). NORTH 
AMERICA: USA, Minnesota (Waldrop et al. 2006). On soil in wet places. 
 Additional specimens examined: CZECH REPUBLIC. HRADEC KRÁLOVÉ: Betlem, 
12 km north of Liberec, Protected Landscape Area Jizerske hory (Jizera Mountains), Grassland 
Research Station Liberec, 50º50’N, 15º5’W. Moist pasture with Festuca rubra, Agrostis 
capillaris, Cirsium palustre, and moss, Oct 2009, J. Gaisler s.n. (K(M): 165359). 
Comments: Presently, the ascocarps of this fungus have only been definitively collected from the 
type locality, however three identical ITS sequences (DQ421171, DQ421172, DQ421173) which 
nearly match the holotype sequence of G. heptaseptatum (576/577 bp matching) have been 
recovered from environmental soil samples from Cedar Creek Natural History Area in 
Minnesota, USA (Waldrop et al. 2006). This site is a restored grassland subdivided into 1, 2, 4, 
81 
8, and 16 grassland-savanna species plots planted between 1994 and 1995. While no ascocarp 
collections have been made, this report is the first cited collection of this species other than the 
type locality and greatly expands the potential range of this species. 
 
Glutinoglossum methvenii Hustad & A.N. Mill. sp. nov. 
MycoBank MB811413 
Typification: NEW ZEALAND. MARLBOROUGH: Mt. Richmond Forest Park, Nydia Track, 
on mossy embankment in mixed deciduous forest, 31 May 2013, VPH NZ13–67 (holotype PDD 
103629; isotype ILLS 72405). 
 Etymology: Named in honor of Andrew Methven. 
           Fig. 5.5 
 Ascocarps scattered to gregarious on damp soil or fallen deciduous wood, 3–4.5 cm tall, 
viscid-gelatinous when wet, black; hymenium black, one-fourth to one-third the length of the 
ascocarp although not well differentiated from the stipe, bilaterally compressed, clavate to 
spathulate, 3–5 mm wide; stipe black, terete, viscid, 1–2 mm wide. Asci cylindric-clavate, (218–
)227–254(–273) × (15.5–)16–17(–18) µm (242.9 ± 11.2 × 16.7 ± 0.5 µm) in rehydrated material, 
with a long hyaline base occupying nearly 50% of the total length of the ascus when mature (Fig. 
5.5A). Ascospores initially hyaline, brown when mature, elongate-clavate, (65–)69–76(–79) × 
(4–)5–6(–6.5) µm (72.7 ± 3.7 × 5.7 ± 0.4 µm), the majority 3-septate (Fig. 5.5B), though 
occasional 7-septate mature spores were noticed. Paraphyses sparsely septate, occasionally 
curved to slightly hooked at the apex; slightly inflated at the apex (3.5–8 µm diam in rehydrated 
material), occasionally covered with brown gelatinous matter (Fig. 5.5C). 
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 Distribution and habitat: AUSTRALIA (Spooner 1987), NEW ZEALAND (this paper). 
On moss and on dead deciduous log in mixed deciduous forest. 
 Additional specimens examined: NEW ZEALAND. BAY OF PLENTY: Whinray Scenic 
Reserve, Motu Falls Trail. Terrestrial on damp soil, 16 May 2013, VPH NZ13–33 (PDD 
103597); BULLER: Greymouth, Point Elizabeth Track. On fallen log, 24 May 2013, VPH NZ 
13–41 (PDD 103603); VPH NZ13–42 (PDD 103604); Paparoa National Park, Inland Pack Track. 
On soil, 26 May 2013, VPH NZ13–45 (PDD 103607). 
 Comments: This species is identical to a collection (Beaton 338) described by Spooner 
(1987). The short, stout ascospores and the occasionally curved paraphyses tips distinguish it 
from all other Glutinoglossum species. 
KEY TO KNOWN SPECIES OF GLUTINOGLOSSUM 
1 Mature discharged ascospores mostly 3-septate.………………………………………….2 
1 Mature discharged ascospores predominantly 7-septate.…………………..……………...3 
2 Ascospores predominantly 3-septate at maturity, mostly 70–80 × 5–6 µm; paraphyses 
occasionally curved to hooked; Australasia…………………………..………G. methvenii 
2 Ascospores mostly 3-septate, though occasionally 7-septate at maturity, narrower than 
above, mostly 55–75 × 4–5 µm; paraphyses tips enlarged, clavate; Northern 
Hemisphere…………………………………………………………………..G. glutinosum 
3 Northern Hemisphere…………………………………………………………….………..4 
3 Southern Hemisphere……………………………………………………………………...5 
4 Asci broad (18–22 µm wide), hyaline base of ascus occupying up to 25% of total ascus 
length…………………………………………………………………….G. heptaseptatum 
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4 Asci narrower than above (12–15 µm wide), hyaline base of ascus occupying 25–45% of 
total ascus length…………………………………………………………..G. americanum 
5 Asci 205–270 × 17–20 µm; ascocarps slightly larger (up to 5 cm tall); paraphyses tips 
more clavate-cylindric than below………………………………….……G. australasicum 
5 Asci generally smaller (165–260 × 13.5–17 µm); ascocarps also slightly smaller (max. 
3.5 cm tall); paraphyses tips capitate to broadly ellipsoidal...………………….G. exiguum 
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CHAPTER 6: MAASOGLOSSUM, A BASAL GENUS OF GEOGLOSSOMYCETES5 
 
ABSTRACT 
 
The genus Maasoglossum is examined using morphology, ecology, and molecular systematics of 
the internal transcribed spacer region and large subunit of the nuclear ribosomal RNA gene, all 
of which support the placement of Maasoglossum among the basal members of 
Geoglossomycetes. The morphology of the genus extends the range of ascocarp and ascospore 
development in Geoglossomycetes. The ecology and conservational significance of the genus is 
discussed, a nomenclatural transfer of Geoglossum aseptatum to Maasoglossum is made, and an 
emended description of Maasoglossum is provided. 
 
INTRODUCTION 
 
The class Geoglossomycetes is a basal ascocarp-producing member of the ‘Leotiomyceta’ 
(Schoch et al. 2009). Kirk et al. (2008) suggest 48 species in four genera belong in the class, 
while Index Fungorum lists over 200 names for these same four genera. Recent research 
indicates eight genera belong in the class: Geoglossum Pers., Glutinoglossum Hustad et al., 
Hemileucoglossum Arauzo, Leucoglossum S. Imai, Nothomitra Maas Geest., Sabuloglossum 
Hustad et al., Sarcoleotia S. Ito & S. Imai, and Trichoglossum Boud. (Hustad et al. 2013; Arauzo  
______________________ 
5This chapter appeared in its entirety in the journal Mycoscience and is referred to later in this dissertation as 
“Hustad & Miller 2015b”. Hustad VP, Miller AN. Maasoglossum, a basal genus in Geoglossomycetes. Mycoscience 
2015. This article is reprinted with permission of the publisher and is available from 
http://linkinghub.elsevier.com/retrieve/pii/S1340354015000327 using DOI 10.1016/j.myc.2015.05.003 
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and Iglesias 2014). The prevalence of rarely collected species has made an accurate estimation of 
the number of species in the class difficult. 
The rare species, Geoglossum aseptatum Hakelier ex Nitare, is characterized by light 
brown, aseptate mature ascospores, a character not found in any other member of the genus  
Geoglossum. Preliminary molecular analysis (data not shown) suggested that this fungus 
belonged in a separate lineage from Geoglossum and a review of the literature suggested a 
possible link between G. aseptatum and the genus Maasoglossum Thind & R. Sharma. 
The genus Maasoglossum was described by Thind and R. Sharma (1984) to 
accommodate a single species, M. verrucisporum, described from a collection made in 1981 
from the temperate Eastern Himalayan forest of Bhutan. The authors noted the macroscopic 
similarity of the ascocarp to that of Geoglossum, but that it differed in the hymenium of M. 
verrucisporum contained small ridges and grooves that became more prominent upon drying, a 
character rarely encountered in Geoglossum. Additionally, the one-celled, lightly-colored, warted 
ascospores precluded the placement of this fungus in Geoglossum. Since no other members of 
the Geoglossaceae sensu lato contain ornamented ascospores, they were unsure of the placement 
of this genus within Geoglossaceae sensu lato or Leotiomycetes (Microglossum). The genus is 
currently regarded as incertae sedis within Leotiomycetes (Lumbsch & Huhndorf 2009). In this 
paper we provide an in-depth assessment of the genus Maasoglossum based on morphology, 
ecology, and molecular systematics, and test the hypotheses that Maasoglossum is a basal 
member of Geoglossomycetes and that G. aseptatum belongs in the genus Maasoglossum. 
 
MATERIALS AND METHODS 
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For this study, the type specimens of both Geoglossum aseptatum and Maasoglossum 
verrucisporum were obtained and examined. Dried ascomata were hand-sectioned and squash 
mounted in 5% KOH and micromorphological characters were observed. Images of pertinent 
micromorphological characters were captured using a QImaging QColor 3 digital camera 
mounted on an Olympus BX51 compound microscope using differential interference 
microscopy. Images were processed with Adobe Photoshop v. 7.0 (Adobe Systems Inc., 
Mountain View, California). A minimum of 30 measurements was made for each 
micromorphological character using NIH Image v. 1.63 (National Institutes of Health, Bethesda, 
Maryland). Taxonomic novelties and associated data were deposited in MycoBank (Crous et al. 
2004). 
Total genomic DNA was extracted from approximately 0.5 cm2 of hymenium tissue from 
a single dried ascoma with the DNeasy Plant Mini Kit (QIAGEN Inc., Valencia, California) for 
recently-collected specimens (collected within 20 years). For older specimens, DNA was 
extracted from approximately 0.2 cm2 of hymenium tissue using the EZNA Forensic DNA kit 
(Omega Bio-Tek, Norcross, Georgia). Gene fragments were PCR amplified following the 
methods outlined in Promputtha and Miller (2010) and purified using a Wizard SV Gel and PCR 
Clean-Up System (Promega Corp., Fitchburg, Wisconsin). Sequences were generated on an ABI 
Applied Biosystems 3730XL high-throughput DNA capillary sequencer at the UIUC Keck 
Center for Comparative and Functional Genomics. Two regions of the nuclear rRNA gene were 
used for molecular phylogenetic analysis: the ca. 570 bp internal transcribed spacer (ITS) region, 
consisting of the ITS1, 5.8S, and ITS2 regions, was amplified and sequenced using a 
combination of the primers ITS5, ITS1, ITS2, ITS3, and ITS4 (White et al. 1990); and a ca. 630 
bp fragment of the 28S large subunit (LSU) region was amplified and sequenced with the 
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primers JS1 (Landvik 1996) and LR3 (Vilgalys and Hester 1990). Due to the age of the material, 
attempts to PCR amplify single-copy protein coding genes (i.e. RPB1, RPB2, MCM7) were 
unsuccessful. Outgroup species were chosen from closely related taxa based on previous studies 
(Wang et al. 2006a; Hustad et al. 2013). 
Sequence alignments were created by eye in Sequencher 5.0.1 (Gene Codes Corp., Ann 
Arbor, Michigan) and optimized if necessary using Muscle v. 3.8.31 (Edgar 2004) in SeaView v. 
4.4.2 (Guoy et al. 2010). Ambiguous regions were removed from each dataset using Gblocks 
0.91b (Castresana 2000) under the following parameters: for ITS: minimum number of 
sequences for both conserved and flanking regions = 15, maximum number of contiguous, 
nonconserved regions = 2, minimum length of a block = 2, and allowed gap positions in 50% of 
sequences; for LSU: same as ITS except minimum number of sequences for both conserved and 
flanking regions = 14. 
The GTR+I+G model was determined to be the best-fit model of evolution for both 
ribosomal regions using the Akaike Information Criterion (AIC) (Posada and Buckley 2004) in 
jModelTest 2.0 v. 0.1.1 (Guindon and Gascuel 2003; Darriba et al. 2012) on the XSEDE 
platform of the CIPRES Science Gateway Teragrid (Miller et al. 2010) and was used in 
phylogenetic analyses of each individual dataset. Maximum likelihood (ML) analyses were 
performed using PhyML 3.0 (Guindon et al. 2010) on the ATGC server (http://www.atgc-
montpellier.fr/phyml/). The best of subtree pruning and regrafting (SPR) and nearest neighbor 
interchange (NNI) was implemented during the heuristic search. Nonparametric bootstrap 
support (Felsenstein 1985) (BS) was determined with 1000 replicates. Clades with BS values of 
≥ 70% were considered significant (Hillis and Bull 1993). 
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Bayesian inference employing a Markov Chain Monte Carlo (MCMC) algorithm was 
performed using MrBayes v. 3.2.2 (Ronquist et al. 2012) on the XSEDE platform. Four 
independent chains of MCMC were run for 10 million generations. Clades with Bayesian 
posterior probability (BPP) values of ≥ 95% were considered significant (Alfaro et al. 2003). 
Tracer v. 1.5 (Rambaut and Drummond 2009) was used to estimate effective sample size (ESS) 
using the standard deviation of split frequencies produced by Bayesian analysis. 
Individual ITS and LSU datasets were examined for potential conflict before 
concatenation into a single dataset for total evidence analysis (Kluge 1989; Eernisse and Kluge 
1993). Individual gene phylogenies were considered to be incongruent if clades with significant 
ML BS and BPP support were conflicting in individual tree topologies (Wiens 1998; Alfaro et al. 
2003; Lutzoni et al. 2004). Since no incongruencies were found among individual phylogenies, 
the ITS and LSU datasets were concatenated and final ML and Bayesian analyses were 
performed on the combined dataset. Alignments and trees are deposited in TreeBASE 
(http://treebase.org) under submission ID 16591. 
Ten new sequences were generated in this study, five ITS and five LSU sequences (Table 
6.1). These were analyzed together with 23 ITS and 21 LSU sequences from our previous studies 
(Hustad and Miller 2011; Hustad et al. 2011, 2013, 2014) along with sequences of 
Geoglossomycetes from previously published research (Pfister 1997; Zhao et al. 2001; Wang et 
al. 2002, 2005, 2006a, 2011; Peterson 2008; Brock et al. 2009; Ohenoja et al. 2010). Twenty-
eight collections, representing a total of 15 Geoglossomycetes species (including sequences from 
type species of each genus in Geoglossomycetes except Sarcoleotia) and eleven outgroup 
species, were included in the analyses. Of the 28 collections included in the final dataset, none 
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lack ITS and only two lack LSU, with sequences for both markers available for 93% of the 
collections (Table 6.1). 
 
RESULTS 
 
The final combined data matrix had an aligned length of 2712 bp, which was reduced to 
1110 bp after the removal of 1602 bp of ambiguously aligned regions by Gblocks. Of the 1110 
characters used in the final phylogenetic analyses, 554 were constant and 556 were variable. A 
burn-in of 10% was estimated using Tracer v. 1.5 to be sufficient to remove the pre-stationary 
posterior probability distribution, resulting in an ESS value of 2894.54. The standard deviation of 
split frequencies was 0.000284 at the end of the Bayesian analysis. Fig. 6.1 represents the most 
likely tree produced by PhyML of the final combined dataset. 
Geoglossomycetes was supported as a clade with 90% ML BS, although with less than 
0.95 BPP. Maasoglossum recovered as a distinct genus within Geoglossomycetes, with the clade 
containing the genera Maasoglossum, Nothomitra, and Sarcoleotia well-supported (99% ML BS, 
1.0 BPP) and distinct from the remaining members of Geoglossomycetes. Maasoglossum 
appears most closely related to Sarcoleotia, although branch support is lacking. Geoglossum 
aseptatum and M. verrucisporum appear as separate species in the Maasoglossum clade, with 
12% ITS and 9% LSU sequence divergence between these two species (data not shown).  
 
Maasoglossum K.S. Thind & R. Sharma emend. Hustad & A.N. Mill., Kavaka 12: 37 (1984)  
Mycobank no.: MB 25055 
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Ascomata scattered to gregarious, black, glabrous, becoming slightly longitudinally 
rugulose upon drying, 2–8 cm tall, up to 2 mm wide. Stipe terete, glabrous, textura porrecta, 
with dark-colored narrow hyphae intertwining inflated longitudinal cells. Paraphyses longer than 
the asci, hyaline to light brown, straight to curved or circinate, enlarged at the apex (up to 15 µm 
broad), agglutinated into an epithecum by a light brown amorphous matter above. Asci clavate to 
clavate-cylindric, up to 165 µm in length and 16 µm wide, mostly 8-spored, tip J+ in Melzer’s. 
Ascospores light brown in maturity, cymbiform to ellipsoid, straight to slightly curved, aseptate, 
occasionally with 1 to 2 oil drops. Growing in soil, often in disturbed habitats. 
The light brown, aseptate ascospores separate this genus from other members of 
Geoglossomycetes. Sabuloglossum also has aseptate ascospores, although mature, septate 
ascospores are rarely encountered and the ascospores in that genus are typically hyaline except 
for occasional yellowish to light brown pigments in mature ascospores. Maasoglossum can be 
distinguished from Hemileucoglossum in that the paraphyses, while strongly agglutinated into an 
epithecum of brown amorphous matter, are often curved to circinate at the apex in 
Maasoglossum, whereas the paraphyses are straight in Hemileucoglossum. Furthermore, the 
agglutinating material in Maasoglossum is a paler brown than in Hemileucoglossum. 
Hemileucoglossum also has ascospores that long remain hyaline, but the ascospores rapidly 
develop septation and some species (e.g. Hemileucoglossum littorale (Rostr.) Arauzo) have 
pigmented mature ascospores. Sarcoleotia produces a pileate ascocarp and ascospores that 
remain hyaline and develop up to five septa at maturity. 
 
Maasoglossum aseptatum (Hakelier ex Nitare) Hustad & A.N. Mill. comb. nov. 
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Basionym = Geoglossum aseptatum Hakelier ex Nitare, Windahlia 14: 40 (1984) [as 
“asaeptatum”]. 
Mycobank no.: MB 811291        Fig. 6.2 
 Type: SWEDEN, Örebro, Närke, Axberg, Vitmossen, on soil in moss in the drip line of a 
small building, 1 Sep 1977, leg. N. Hakelier s.n. (holotype, UPS:F-116948). 
 Etymology: Refers to the aseptate mature ascospores. 
Ascomata black throughout, lanceolate-linear, becoming slightly longitudinally rugulose 
upon drying, 3.1–8.2 cm tall, 0.1–0.5 cm wide. Stipe smooth, black, terete, not distinctly 
different from fertile hymenium, up to 13 mm wide. Paraphyses hyaline to subhyaline, straight to 
curved or circinate at tips, often enlarged at the apex (Fig. 6.2C), longer than asci, the upper 
portions strongly agglutinated by a light brown amorphous matter (Fig. 6.2E). Asci clavate, (80–
)104–131(–141) × (9.6–)10.5–13.1(–14.2) µm (average 117.12 ± 13.21 × 11.8 ± 1.23 µm, n = 
30), 8-spored, having zero or at most two uniseriate ascospores below, biseriate or triseriate 
above (Fig. 6.2A), ascus tip lightly J+ in Melzer’s (Fig. 6.2D). Ascospores cymbiform to 
obovoid or clavate, often enlarged at one end, (16.2–)23.1–29.9(–35.0) × (4.9–)5.4–6.3(–6.9) µm 
(average 25.47 ± 2.54 × 5.96 ± 0.48 µm, n = 30), aseptate, hyaline to light golden brown, 
sometimes with one or two oil drops (Fig. 6.2B).  
Distribution: Finland (von Bonsdorff et al. 2012), Netherlands (Nitare 2012, 
www.gbif.org), Sweden (Nitare 1982, 1984, 2012, www.gbif.org). 
Specimens examined: Holotype; SWEDEN, Västra Götaland, Bohuslän, Göteborg; 
Göteborgs Botaniska Trädgård (Gothenburg Botanic Garden), in soil among moss, 1 Sep 1987, J. 
Nitare s.n. (UPS:F-118883). 
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Macroscopically, Maasoglossum aseptatum is hardly distinguishable from other species 
in Geoglossum. The ascocarp is within normal size ranges of other species of Geoglossum and is 
black throughout. Upon drying, the hymenium becomes slightly longitudinally rugulose. The 
small, light brown, aseptate ascospores are the most noticeable difference between this species 
and other Geoglossum. Additionally, the paraphyses are slightly agglutinated with an amorphous 
brown material. This combination of characters led Nitare (1982) to suggest M. aseptatum as a 
potential link between the genus Geoglossum and Thuemenidium atropurpureum (Batsch) 
Kuntze, a fungus formerly considered to belong in Geoglossaceae but which is now considered 
to belong in Leotiomycetes (Ohenoja et al. 2010; Hustad et al. 2013). 
Maasoglossum aseptatum was described from collections made by Nils Hakelier from a 
single location in central Sweden in 1977 (Nitare 1984). To date, the fungus has only been found 
in four sites: two locations in Sweden (Bohuslän, in the Gothenburg Botanic Garden and the type 
locality in Närke), one location in Finland (Tavastia, Hämeenlinna, Levonkallio), and one 
location in Netherlands (Gelderland, Voorst, Gietelse Bos). Each location where ascocarps of M. 
aseptatum were found fruiting in disturbed soil has a history of cultivation, gardening, forestry, 
or other soil disturbance. The species has been reported from gardens and forests and possible 
associations may exist between the fungus and plants including Rumex acetosa L., Luzula pilosa 
(L.) Willd., mosses including Atrichum undulatum (Hedw.) P. Beauv. and Fissidens 
adianthoides Hedw., and trees including Prunus padus L., Ulmus glabra Huds., and Picea abies 
(L.) H. Karst. (Nitare 1984, 2012; von Bonsdorff et al. 2012). Nitare (2012) suggested that the 
fungus acts as a decomposer in these ecosystems, although he also hypothesized the possibility 
that the fungus may form ericoid mycorrhizae with shrubs and trees. 
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Although Maasoglossum aseptatum is regarded as Data Deficient in regional red lists of 
Swedish Fungi (Gärdenfors 2010), this fungus should almost certainly be regarded as Critically 
Endangered due to the rarity of occurrence and the fragility of its habitat. Of the two Swedish 
localities for M. aseptatum, the site at the Gothenburg Botanic Garden was destroyed during 
renovations and the fungus has not been collected there since 2005 (Gärdenfors 2010; Nitare 
2012). The site in the Netherlands was also destroyed. Of the four known locations of M. 
aseptatum in the world, only the type location in Sweden (Närke) and the location in Finland 
remain. 
 
Maasoglossum verrucisporum K.S. Thind & R. Sharma, Kavaka 12: 37 (1984) [as 
“verrucosporum”]. 
Mycobank no.: MB 544188        Fig. 6.3 
Type: BHUTAN, Thimphu, Dochula, on soil among mosses in mixed forest, 10,000 feet 
elev., 3 Aug 1984, R. Sharma 17725, (holotype PAN 17725, isotype CUP-IN-000606). 
Etymology: Refers to the warted ascospores. 
Ascomata scattered to gregarious, black throughout, cylindrical-clavate, distinctly rugose with 
longitudinal ridges especially prominent in dried specimens, 2–6 cm tall, 0.1–0.5 cm wide. Stipe 
smooth, black, terete, not distinctly different from fertile hymenium, up to 1.5 mm wide. 
Paraphyses hyaline to subhyaline, straight to curved at tips, somewhat enlarged at the apex (Fig. 
6.3B), longer than asci, the upper portions agglutinated by a light brown amorphous matter. Asci 
clavate-cylindric, (112–)130–151(–165) × (10.2–)12.5–14.4(–16.0) µm (average 141.2 ± 10.1 × 
13.3 ± 0.9 µm, n = 30), 8-spored (occasionally 4-spored), ascospores biseriate (Fig. 6.3C), ascus 
tip J+ in Melzer’s. Ascospores cymbiform to obovoid or clavate, (23.9–)26.1–30.0(–32.0) × 
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(5.8–)6.2–7.3(–7.9) µm (average 28.05 ± 1.95 × 6.78 ± 0.52 µm, n = 30), aseptate, hyaline to 
light brown, distinctly covered with minute, profuse warts (Fig. 6.3A).  
Distribution: Bhutan (Thind and Sharma 1984). 
Specimen examined: Isotype, CUP-IN-000606. 
Maasoglossum verrucisporum is known only from the type collection found in Bhutan. 
The continuous, light brown, warted ascospores distinguish this species from all other members 
of Geoglossomycetes. The fungus is not named in the 2009 Biodiversity Action Plan for Bhutan 
(NBSAP 2009), although it should certainly be regarded as Critically Endangered due to the 
extreme rarity of occurrence. 
 
DISCUSSION 
 
Our results suggest that Maasoglossum belongs in Geoglossomycetes and is likely most 
closely related to Nothomitra and Sarcoleotia, although the long-branch connecting 
Maasoglossum to these genera suggests that Maasoglossum has long been evolving 
independently of Nothomitra and Sarcoleotia. These three genera have ecological and 
morphological similarities. Each of these genera is characterized by mature ascospores that are 
hyaline or lightly colored and are aseptate, although they can become 1- to 3-septate when 
overmature in Nothomitra and 3- to 5-septate when overmature in Sarcoleotia. The derived 
members of Geoglossomycetes are characterized by ascospores that are more consistently darkly 
pigmented and generally multiseptate when mature. These species may also be ecologically 
linked by fruiting in response to soil disturbance. 
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Production of fruiting bodies following soil disturbance is common in several fungi 
(Sagara 1992). Many discomycetous fungi are known to fruit following soil disturbance (e.g. 
Geopyxis (Pers.) Sacc., Octospora Hedw., Peziza Dill. ex Fries, and Trichophaea Cooke & W. 
Phillips) (Petersen 1970; Dix and Webster 1995). Production of fruiting bodies in response to 
disturbance appears to be a basal character in Geoglossomycetes, with Sarcoleotia globosa 
(Sommerf.: Fr) Korf being most commonly encountered on recently disturbed soil (Schumacher 
and Sivertsen 1987; Jumpponen et al. 1997).  
Petch (1922) described the genus Phaeoglossum Petch in Geoglossaceae to accommodate 
the species Phaeoglossum zeylanicum Petch from Sri Lanka. While we have not seen material of 
this species, we concur with Nitare (1984) that this genus name does not apply to Maasoglossum 
based on differences in morphology and habitat between the two genera. Petch’s Phaeoglossum 
was described as a black club-shaped fungus with white internal hyphae not known to be present 
in Geoglossomycetes. It is also described as growing on decaying Loranthus L. fruits, a habitat 
not found in other members of Geoglossomycetes. Lastly, the name Phaeoglossum Petch is 
illegitimate pursuant to Article 53.1 of the ICN (McNeill 2012) as it is a later homonym of 
Phaeoglossum Skottsb., a brown alga described by Skottsberg in 1907. 
Maasoglossum has previously been misidentified as Thuemenidium (Geoglossum) 
atropurpureum (Nitare 2012) and more collections of it may exist under that misnomer in 
fungaria in Northern Europe. Both species of Maasoglossum and T. atropurpureum possess 
hyaline paraphyses that are agglutinated into an epithecum, though in T. atropurpureum the 
epithecum is a vinous-brown compared to a light brown in both species of Maasoglossum. The 
ascomata of T. atropurpureum are distinctly purplish-brown when fresh, and the fertile portion is 
often irregular to spathulate and distinct from the sterile stipe. Maasoglossum and T. 
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atropurpureum are also easily separated based on ascospore morphology: ascospores in T. 
atropurpureum are initially continuous but become multiguttulate and finally septate when 
overmature and remain hyaline throughout development, whereas in both species of 
Maasoglossum the ascospores are continuous and light brown with distinct warts present in M. 
verrucisporum. 
The hyphae at the apex of the stipe in Maasoglossum contain inflated, hyaline, 
longitudinal elements and an anastomosing network of brown, narrow hyphae intertwining them 
(Fig. 6.3D). The more derived members of Geoglossomycetes also contain anastomosing hyphae 
in the stipe, but the longitudinal cells are not as strongly inflated. The inflated longitudinal cells 
and narrower binding hyphae in the axial stipe of Maasoglossum are similar to those found in 
Thuemenidium atropurpureum, but different from Microglossum (Maas Geesteranus 1964a). In 
Microglossum, the axial stipe hyphae are comprised primarily of agglutinated, narrower 
longitudinal elements, with binding hyphae very rarely observed. Nothomitra and Sarcoleotia 
also contain a densely interwoven internal stipe hyphal system, although the longitudinal 
elements are not inflated as they are in Maasoglossum. 
In summary, our study supported the inclusion of Maasoglossum as a basal member of 
Geoglossomycetes. Our findings suggest that genera with hyaline- to lightly-pigmented and 
aseptate ascospores form the base of the Geoglossomycetes clade, with the more derived 
members of the clade exhibiting darkly-pigmented and multiseptate ascospores (e.g. Geoglossum 
and Trichoglossum). The ascocarp of Maasoglossum is morphologically similar to the more 
derived members of Geoglossomycetes, with the fertile hymenium intergrading entirely with the 
sterile stipe. The morphology of the ascospores and internal stipe hyphae of Maasoglossum hints 
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at the common ancestry between Geoglossomycetes and stalked earth tongues in Leotiomycetes, 
such as Thuemenidium. 
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CHAPTER 7: A COMPREHENSIVE PHYLOGENY OF GEOGLOSSOMYCETES 
 
ABSTRACT 
 
 This final chapter presents a monographic study of the fungal class Geoglossomycetes 
incorporating morphological, molecular, and ecological data into the most comprehensive 
treatment of the class to date. The results of a four-gene molecular analysis of 217 collections of 
Geoglossomycetes are presented. Complete species descriptions and distribution records are 
provided for a total of 53 species studied as part of this project, including notes on 44 other 
species and variety names. A comprehensive, accurate nomenclature is provided for each 
species. A new family is described to accommodate the basal members of Geoglossomycetes and 
a total of five new combinations and 15 new species are provisionally described and will be 
officially published in subsequent peer-reviewed research articles. 
 
INTRODUCTION 
 
The first six chapters of this dissertation provide an ample introduction to the current 
understanding of Geoglossomycetes. While several previous authors have used a combination of 
molecular phylogenetic methods in the study of Geoglossomycetes (Platt 1999; Sandnes 2006; 
Schoch et al. 2008; Ohenoja et al. 2010; Hustad et al. 2013; Arauzo & Iglesias 2014), all of these 
previous studies were limited by inadequate taxon sampling, weak phylogenetic analyses, or 
both. The work presented in this chapter is the most comprehensive and wide-ranging study of 
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Geoglossomycetes accomplished to date, and is a result of nearly seven years of continued study 
of the group. 
 
MATERIALS AND METHODS 
 
Morphological Study 
Samples were obtained from freshly collected material or dried herbarium specimens. Dried 
ascomata were hand-sectioned and squash mounted in 5% KOH and micro-morphological 
characters were observed using light microscopy. Mature discharged ascospores were obtained 
by tapping dried or fresh ascomata in a drop of water on a slide. Permanent slides were made 
using PVLG (Omar et al. 1979) with material rehydrated in 5% KOH. Images of pertinent micro-
morphological characters were captured using a QImaging QColor 3 digital camera mounted on 
an Olympus BX51 compound microscope using differential interference microscopy. Images 
were processed with Adobe Photoshop v. 7.0 (Adobe Systems Inc., Mountain View, California). 
When possible, a minimum of 30 measurements were taken for each micro-morphological 
character using NIH Image v. 1.63 (National Institutes of Health, Bethesda, Maryland). 
Specimens were identified using original species descriptions and pertinent literature (e.g. 
Massee 1897; Durand 1908; Imai 1941; Nannfeldt 1942; Mains 1954; Maas Geesteranus 1964a, 
1965; Roobeek 2009; along with original species descriptions). 
 
Molecular Study 
For recently collected material (up to 20 years old), total genomic DNA was extracted from 
approximately 0.5 cm2 of hymenium tissue from a single dried ascoma with the QIAGEN 
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DNeasy Plant Mini Kit (QIAGEN Inc., Valencia, California). For older specimens, DNA was 
extracted from approximately 0.2 cm2 of hymenium tissue using the EZNA Forensic DNA kit 
(Omega Bio-Tek, Norcross, Georgia). Gene fragments were PCR amplified following the 
methods outlined in Matheny et al. (2002), Promputtha and Miller (2010), and Raja et al. (2011), 
and purified using a Wizard SV Gel and PCR Clean-Up System (Promega Corp., Fitchburg, 
Wisconsin). Sequences were generated on an ABI Applied Biosystems 3730XL high-throughput 
DNA capillary sequencer at the UIUC Keck Center for Comparative and Functional Genomics. 
Two regions of nuclear rDNA were amplified and sequenced: the ca. 570 bp internal transcribed 
spacer (ITS) region, consisting of the ITS1, 5.8S, and ITS2 regions, was amplified and 
sequenced using a combination of the primers ITS5, ITS1, ITS2, ITS3, ITS4 (White et al. 1990); 
and a ca. 630 bp fragment containing the D1/D2 region of the 28S large subunit (LSU) region 
was amplified and sequenced using the primers JS1 (Landvik 1996) and LR3 (Vilgalys & Hester 
1990). 
 
Two single-copy protein-coding genes were also used in addition to the ITS and LSU nuclear 
rDNA regions to further elucidate taxonomic relationships. The minichromosome maintenance 
complex component 7 gene (MCM7) is a single-copy gene that codes for a DNA replication 
licensing factor required for eukaryotic genome replication initiation and cell proliferation (Moir 
et al. 1982; Kearsey & Labib 1998). MCM7 has been shown to produce highly accurate 
phylogenies in fungi (Aguileta et al. 2008; Schmitt et al. 2009), across a wide range of 
ascomycete taxa including Geoglossomycetes (Raja et al. 2011; Hustad et al. 2013). The primers 
709F and 1348R (Schmitt et al. 2009) were used for PCR amplification and sequencing MCM7, 
yielding a 642 bp segment of DNA for each sample. 
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The second single-copy protein-coding gene used in this analysis is the RNA polymerase II 
subunit 1 gene (RPB1). RPB1 codes for the largest subunit of RNA polymerase II, the 
polymerase responsible for synthesizing messenger RNA in eukaryotes. Schoch et al. (2009b) 
showed RPB1 to have the highest per-site informativeness (Townsend 2007) across six genes in 
the Ascomycota. RPB1 has also recently been shown to produce reliable phylogenies within 
Geoglossomycetes (Hustad et al. 2013). The primers RPB1af (Stiller et al. 1997) and RPB1cr 
(Matheny et al. 2002) were used for amplification and sequencing of the RPB1 gene, yielding an 
849 bp segment of DNA for each sample. 
 
DNA Analysis 
Individual alignments were created by eye in Sequencher 5.0.1 (Gene Codes Corp., Ann Arbor, 
Michigan) and optimized with Probalign 1.1 (Roshan & Livesay 2006) on the CIPRES Science 
Gateway Terragrid (Miller et al. 2010). Ambiguous regions were removed from individual gene 
datasets using Gblocks 0.91b (Castresana 2000) under the following parameters: for ITS: 
minimum number of sequences for both conserved and flanking regions = 138, maximum 
number of contiguous, nonconserved regions = 2, minimum length of a block = 2, and allowed 
gap positions in 50% of sequences; for LSU: same as ITS except minimum number of sequences 
for both conserved and flanking regions = 95. Since the MCM7 and RPB1 alignments do not 
possess sizeable regions of sequence ambiguity, the entire sequenced region was subjected to 
phylogenetic analysis for these genes. 
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Analysis of our combined dataset with the PartitionFinder program (Lanfear et al. 2012) under 
the BIC criterion yielded five data partitions (a combination of codon positions of protein-coding 
genes and the ITS and LSU regions). The GTR+I+G model was determined by PartitionFinder as 
the best-fit model of evolution for all four genes and this model was used in phylogenetic 
analysis of individual gene alignments. Maximum likelihood (ML) analyses were performed 
using PhyML 3.0 (Guindon et al. 2010) on the ATGC server (http://www.atgc-
montpellier.fr/phyml/) under the GTR substitution model with six rate classes and invariable 
sites optimized. The best of subtree pruning and regrafting (SPR) and nearest neighbor 
interchange (NNI) was implemented during the heuristic search. Nonparametric bootstrap 
support (Felsenstein 1985) (BS) was determined with 1000 replicates. Clades with BS values of 
≥ 70% were considered significant (Hillis & Bull 1993). 
 
Bayesian inference employing a Markov Chain Monte Carlo (MCMC) algorithm was performed 
using MrBayes v. 3.2.2 (Ronquist et al. 2012) on the XSEDE platform of the CIPRES Science 
Gateway Teragrid. Four independent chains of MCMC were run for 10 million generations. 
Clades with Bayesian posterior probability (BPP) values of ≥ 95% were considered significant 
(Alfaro et al. 2003). Tracer v. 1.5 (Rambaut & Drummond 2009) was used to estimate effective 
sample size (ESS) using the standard deviation of split frequencies produced by Bayesian 
analysis. 
 
Individual datasets of ITS, LSU, MCM7, and RPB1 were examined for potential conflict before 
concatenation into a single dataset for total evidence analysis (Kluge 1989; Eernisse & Kluge 
1993). Individual gene phylogenies were considered conflicting if clades with significant ML BS 
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and BPP were conflicting in the individual tree topologies (Wiens 1998; Alfaro et al. 2003; 
Lutzoni et al. 2004). Because there were no significant conflicting clades among the individual 
gene trees, all genes were concatenated for final analysis in the following order: ITS, LSU, 
MCM7, RPB1. Phylogenetic analyses were then performed on the concatenated dataset using the 
same methods as those used in the individual datasets. 
 
RESULTS 
 
The final combined data matrix had an aligned length of 3058 bp, which was reduced to 
2591 bp after the removal of 467 bp of ambiguously aligned or gap regions by Gblocks. Of the 
2591 characters used in the final phylogenetic analysis, 906 were constant across all taxa and 
1685 were variable. A burn-in of 10% was estimated using Tracer v. 1.5 to be sufficient to 
remove the pre-stationary posterior probability distribution, resulting in an ESS value of 1758. 
The standard deviation of split frequencies was 0.000318 at the end of the four-gene Bayesian 
analysis. Figure 1 represents the most likely tree produced by PhyML of the final combined 
dataset (-ln(l)=50351.983371). 
The analysis revealed the strongest statistical support ever produced for the monophyletic 
class Geoglossomycetes (94% BS, 0.98 BPP). Within Geoglossomycetes, twelve distinct clades 
were noted, corresponding overall with the described genera of Geoglossomycetes and an as-yet 
undescribed clade composed solely of environmental sequences obtained from GenBank. Each 
previously described genus of Geoglossomycetes was recovered as monophyletic with the 
exception of Trichoglossum. Trichoglossum was shown to occupy two distinct clades, with the 
clade containing the type species, T. hirsutum, separate from a clade containing T. farlowii, T. 
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walteri, and an undescribed species of Trichoglossum, all of which have shorter spores than 
those seen in the core Trichoglossum clade. A new genus, Brevitrichoglossum, is proposed below 
to accommodate these species.  
In addition to the evidence supporting the description of a new genus, examination of the 
gene tree reveals other interesting results with higher-level taxonomic implications. A well-
supported (78% BS, 0.97 BPP) clade composed of solely environmental sequences with an 
unknown ascomata morphology was recovered closely related to Glutinoglossum. The genus 
Leucoglossum was recovered as a monophyletic genus in this study, but contrary to previous 
findings, it was placed within the genus Geoglossum, which occurred in two clades. The gene 
tree evidence also supports morphological evidence supporting a large number of previously 
undescribed species. These new genera and species are described below. 
 
Class Geoglossomycetes Zheng Wang, C.L. Schoch & Spatafora 
Order Geoglossales Zheng Wang, C.L. Schoch & Spatafora 
Ascomata scattered to gregarious, clavate to spathulate, occasionally capitate, stipitate, stipe 
cylindrical, dark brown to black, occasionally viscid, smooth to furfuraceous. Ascigerous portion 
capitate, club-shaped to pileate, often indistinguishable from stipe. Hymenium surface dark 
brown to black, often continuous with stipe, occasionally covered with dense, occasionally with 
paraphyses visibly extending from surface. Asci cylindrical to clavate, inoperculate, thin-walled, 
J+, usually 8-spored, arising from croziers. Ascospores ellipsoid to cymbiform to elongate, 
hyaline to light- to dark-brown, continuous or septate at maturit. Paraphyses filiform, hyaline to 
light brown to distinctly pigmented, typically enlarged, curved or otherwise remarkable at the 
tips. 
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Habitat: Typically terrestrial, though some species found on decomposing wood, often found on 
mossy soil in boggy areas. 
Type species: Geoglossum glabrum Pers., Roemer’s Neues Magazin für die Botanik 1:116 (1794) 
Distribution: Worldwide, in temperate and tropical zones. 
 
Family Geoglossaceae Corda, Icones Fungorum Hucusque Cognitorum II: 35 (1838) 
Ascomata scattered to gregarious to caespitose, cylindrical to clavate to spathulate, occasionally 
capitate, stipitate, stipe terete to cylindrical, straight or curved, dark brown to black, occasionally 
viscid, smooth to alveolate (esp. upon drying). Ascigerous portion capitate, club-shaped to 
pileate, often indistinguishable from stipe. Hymenium surface dark brown to black, continuous 
with stipe, sometimes with distinct setae, occasionally with paraphyses visibly extending from 
surface. Asci cylindrical to clavate, inoperculate, thin-walled, J+, usually 8-spored, arising from 
croziers. Ascospores elongate-clavate to fusiform, initially hyaline, becoming light- to dark-
brown at maturity, though occasionally remaining hyaline at maturity, developing septations at 
maturity. Paraphyses filiform, hyaline to light brown to distinctly pigmented, typically enlarged, 
curved or otherwise remarkable at the tips. 
Genera: Brevitrichoglossum, Geoglossum, Glutinoglossum, Hemileucoglossum, Leucoglossum, 
Sabuloglossum, Trichoglossum 
 
Brevitrichoglossum Hustad gen. nov. prov. 
Ascomata solitary to gregarious, dark brown to black, lanceolate to capitate, terrestrial; fertile 
hymenium dark brown, black, covered with minute setae barely observable with a hand lens in 
fresh material; stipe covered with minute setae, cylindrical to terete. Asci clavate to clavate-
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cylindrical, 8-spored, ascus tip J+ in Melzer’s. Ascospores cylindrical-clavate dark brown, 3- or 
7-septate. Paraphyses hyaline to pale brown, not or only slightly inflated at the apices, 
occasionally imbedded in an epithecum of amorphous brown material. 
 
Key to species of Brevitrichoglossum 
1. Mature ascospores 3-septate at maturity            B. farlowii 
1. Mature ascospores 7-septate at maturity                 2 
2. Mature ascospores mostly more than 90 µm long                3 
2. Mature ascospores mostly less than 90 µm long                4 
3. Mature ascospores (91–)100–118(–126) µm long        B. johnstonii 
3. Mature ascospores (85–)89–101(–106) µm long             B. walteri 
4. Mature ascospores (45–)55–68(–73) µm long         B. confusum 
4. Mature ascospores slightly longer                  5 
5. Mature ascospores (60–)65–80(–87) µm long              B. costaricensis 
5. Mature ascospores (74.5–)77–85(–91.5) µm long            B. mainsii 
 
Brevitrichoglossum confusum (E.J. Durand) Hustad comb. nov. prov. 
≡ Trichoglossum confusum E.J. Durand, Mycologia 13(3): 185 (1921) 
Description: Ascomata solitary, black, 1.5–2.5 cm in height, 0.4–0.9 cm wide at widest point, 
hymenium obovate covered with projecting setae, occupying the upper one-third to one-half the 
length of the ascoma; stipe black, 1–2 cm long, 1–1.5 mm thick at the apex, covered with setae. 
Asci clavate, (155–)165–175(–200) × (8–)12–14 (–16) µm, 8-spored, ascospores multiseriate in 
the ascus, ascus tip J+ in Melzer’s. Ascospores cylindrical-clavate, fuliginous to dark brown, 
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initially 3-septate, becoming 7-septate at maturity, (45–)55–68(–73) × 4–6 µm. Paraphyses pale 
brown, cylindrical, slightly enlarged at the apex, straight or curved, slightly longer than the asci. 
Habitat: On soil. 
Holotype: USA. North Carolina, Blowing Rock, on soil, 15 Mar 1905, E.J. Durand s.n. (CUP-D-
01934(4-137)). 
Distribution: China (Teng 1934), USA (Durand 1908, 1921) 
Specimens examined: USA. North Carolina, Blowing Rock, on soil, 15 Mar 1905, E.J. Durand 
s.n. (CUP-D-01934(4-137)). 
Notes: The short, wide ascospores clearly differentiate this species from other species of 
Brevitrichoglossum. Durand (1908) was initially confused by this species, attributing it to 
Geoglossum rehmianum (a species he had not before seen) in his monograph. Following his 
examination of G. rehmianum he synonymized that species under Trichoglossum walteri and 
reaffirmed his belief in T. confusum (Durand 1921). 
 
Brevitrichoglossum costaricensis Hustad sp. nov. prov. 
Fig. 7.14 
Description: Ascomata solitary, black, capitate, up to 3 cm in height; fertile hymenium capitate, 
up to 5 mm wide at widest point, covered by minute setae barely visible with a hand lens, 
occupying the upper one-fourth of the ascoma; stipe slender, terete, up to 1.5 mm thick at the 
apex, covered with minute setae. Asci cylindrical, (165–)180–205(–220) × (12–)15–22 µm, 8-
spored, ascospores multiseriate in the ascus, tip J+ in Melzer’s. Ascospores brown, cylindrical-
clavate, (60–)65–80(–87) × 4–4.5(–5) µm, curved, often abruptly bent at the ends. Paraphyses 
cylindrical, sparsely septate, not constricted at the septa, hyaline below, light brown above, often 
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slightly agglutinated with brown material at the tips, not or slightly inflated at the apex, up to 
4µm in diameter. 
Habitat: On soil in deciduous forest. 
Provisional Holotype: COSTA RICA. Cartago, Cuerici, trail to mountain top, 2800 m elev., 4 
Aug 2010, V.P. Hustad, ANM 2535 (ILLS s.n.). 
Distribution: Costa Rica (this paper). 
Etymology: Native to Costa Rica. 
Specimens Examined: COSTA RICA. Cartago, Cuerici Reserve, trail to mountain top, 2800 m 
elev., 4 Aug 2010, V.P. Hustad, ANM 2535 (ILLS s.n.); – ANM 2540 (ILLS s.n.); – Cuerici 
Reserve, 9º33’44”N, 83º39’42”W, 2850 m elev., 6 Aug 2012, V.P. Hustad, ANM 2555 (ILLS 
s.n.). 
Notes: This species is characterized by the abrupt curves at the ends of the ascospores. The 
paraphyses are very similar in all species, but the ascospores are the most important in 
distinguishing species. In B. costaricensis, the majority of ascospores range from 65–80 µm in 
length. These are larger than the ascospores in B. confusum and are generally smaller than those 
in B. mainsii, which also lack the abruptly bent ascospores of B. costaricensis. 
 
Brevitrichoglossum farlowii (Cooke) Hustad comb. nov. prov. 
≡ Geoglossum farlowii Cooke, Grevillea 11(59): 107 (1883) [as “farlowi”] 
≡ Geoglossum hirsutum f. farlowii (Cooke) Burt, Rhodora 1: 63 (1899) 
≡ Trichoglossum farlowii (Cooke) E.J. Durand, Annales Mycologici 6(5): 438 (1908) 
= Geoglossum rotundiforme A. Kawam., Japanese Journal of Botany 4: 301 (1929) 
≡ Trichoglossum rutundiformis (A. Kawam.) F.L. Tai & C.T. Wei, Sinensia 4: 98 (1933) 
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≡ Trichoglossum farlowii var. rotundiforme (A. Kawam.) Teng, Sinensia 6: 186 (1935) 
Fig. 7.15 
Description: Ascomata solitary to gregarious, 2–6 cm in height, 3–5 mm wide at widest point of 
the hymenium, dark brown to black, fertile hymenium occupying the upper one-third to two-
fifths of the ascoma; stipe black, distinct from the hymenium, terete, densely hirsute, up to 2 mm 
thick at the apex. Asci clavate, (170–)180–200(–240) × (15–)18–20(–23) µm, containing 8 
ascospores in overlapping fascicles (Fig. 7.2 A), tip J+ in Melzer’s. Ascospores light brown, 
clavate to cylindrical, (0–)3(–5)-septate at maturity, (48–)70–80(–90) × 5–6(–7) µm (Fig. 7.2 B). 
Paraphyses cylindrical, regularly septate, occasionally slightly constricted at the septa, hyaline 
below, subhyaline to light brownish above, curved to circinate at the apex (Fig. 7.2 C). Setae 
abundant, thick-walled, dark brown to black, 200–300 µm long, up to 15 µm thick at the base 
Habitat: On soil and humus or amongst grass in mixed deciduous forest. 
Holotype: USA. Massachusetts, Middlesex County, Newton, amongst grass, W.G. Farlow s.n. 
(in K). 
Distribution: Australia (Massee 1897 – as G. farlowi), Canada (Mains 1954; Grund & Harrison 
1967), Chile (Gamundi 1979; Gamundi et al. 2004), China (Zhuang 1998); India (Thind & Singh 
1970; Sharma & Sidhu 1991), Indonesia (Rifai 1965), Japan (Imai 1941), Taiwan (Wang 2001), 
United Kingdom (Massee 1897 – as G. farlowi), USA (Durand 1908; Mains 1935, 1954). 
Specimens Examined: USA. Michigan, Tahquamenon Falls State Park, 13 Sep 1951, A.H. Smith 
38801 (MICH s.n.); – North Carolina, Haywood County, Great Smoky Mountains National Park, 
Cataloochee, Rough Fork Trail, 35º 37’ N, 83º 7’ 15.8” W, 850 m elev., 14 Aug 2009, V.P. 
Hustad, ANM 2199 (ILLS s.n.); – Macon County, Nantahala National Forest, Double Bridge 
Horse Cove 35º 00.520’ N, 83º 09.400’ W, 27 Jul 2010, A.S. Methven 13307 (ILLS ANM Acc 
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389); – Tennessee, Cocke County, Great Smoky Mountains National Park, Cosby, Cosby Nature 
Trail, 35º 45’ 13.8” N, 83º 12’ 25.8” W, 716 m elev., 12 Aug 2009, V.P. Hustad, ANM 2160 
(ILLS s.n.). 
Notes: Durand (1908) reported that Peck’s (1876) collections labelled Geoglossum velutipes 
from Oneida, New York are actually T. farlowii. Imai (1941) examined the type material of T. 
rotundiforme and considered it a synonym of T. farlowii. This species is common in North 
America, but it has been infrequently reported from other regions. A variety of this species, T. 
farlowii var. japonicum, described from Java by Rifai (1965) differs in having longer (65–)72–
95(–105 µm), predominantly 5-septate ascospores. I have not seen this variety, but it seems 
likely that it will eventually be transferred to Brevitrichoglossum. 
 
Brevitrichoglossum johnstonii Hustad sp. nov. prov. 
Fig. 7.16 
Description: Ascomata 2–20 mm in height, black; fertile hymenium globose to lanceolate, 
somewhat compressed, up to 5 mm wide at widest point; occupying the upper one-third to one-
fourth of the total length of the ascoma; stipe cylindrical, black, minutely hirsute. Asci clavate, 
(176–)190–212(–224) ×(17–)23–31(–34) µm, 8-spored, ascospores borne in a multiseriate 
fascicle, apex J+ in Melzer’s. Ascospores brown, cylindrical-clavate, 7-septate, straight or 
slightly curved, (91–)100–118(–126) × (4–)4.5–5(–6) µm. Paraphyses, cylindrical, hyaline, 
sparsely septate, not constricted at septa, straight to curved above, not or only slightly inflated at 
the apex, up to 4 µm in diameter, not embedded in any amorphous brown material. 
Habitat: On soil. 
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Provisional Holotype: NEW ZEALAND. Bay of Plenty, Te Urewera National Park, Trail to 
Lake Waikareiti, 20 May 2004, K. Hosaka NZ04-107 (PDD 80333) 
Distribution: New Zealand (this paper). 
Etymology: Named in honor of Peter Johnston. 
Specimens Examined: NEW ZEALAND. Auckland, Waitakere Ranges, Cascades, 15 Aug 1981, 
G.J. Samuels, J.W. Paden, P.R. Johnston s.n. (PDD 42034); – Kauri Grove Track, G.J. Samuels 
s.n. (PDD 41110); – Bay of Plenty, Te Urewera National Park, Trail to Lake Waikareiti, 20 May 
2004, K. Hosaka NZ04-107 (PDD 80333); – Kaikoura, Puhipuhi Reserve, 29 May 1983, J. 
Pearson s.n. (PDD 90537); – Northland, Waipoua State Forest, Track from Yaka’s kauri to forest 
headquarters, 24 Jun 1981; G.J. Samuels & A.P. Hawthorne 30 (PDD 43862); 
Notes: This species is distinguished from other species of Brevitrichoglossum by its longer 
ascospores. 
 
Brevitrichoglossum mainsii Hustad sp. nov. prov. 
Fig. 7.17 
Description: Ascomata scattered to gregarious, black, 3–10 cm in height; fertile hymenium 
capitate to lanceolate and compressed, up to 8 mm in diameter, minutely hirsute with short setae 
occupying the upper two-fifths to one-half of the ascoma; stipe black, terete, up to 5 mm thick at 
the apex, minutely hirsute. Asci clavate, (152–)165–190(–210) × (14–)16–18(–20) µm, 8-spored, 
the ascospores borne in a single multiseriate fascicle, ascus tip J+ in Melzer’s. Ascospores 
brown, cylindrical-clavate, 7-septate, (74.5–)77–85(–91.5) × (4–)4.5–5.5(–6) µm. Paraphyses, 
hyaline to very light brown, cylindrical, curved to circinate at the apices, not or only slightly 
inflated at the apex, 
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Habitat: On soil. 
Provisional Holotype: UNITED STATES. North Carolina, Haywood County, Great Smoky 
Mountains National Park, Cataloochee, Rough Fork Trail, 35º 37’ N, 83º, 7’ 15.8” W, 850 m 
elev., 14 Aug 2009, V.P. Hustad, ANM 2203 (ILLS 61047). 
Distribution: New Zealand (this paper). 
Etymology: Named in honor of Edwin Butterworth Mains. 
Specimens Examined: FRANCE. Burgundy, Saône-et-Loire, Auun, Curgy, 9 Nov 2010, 
Dechaume 10202 (ILLS ANM Acc 465); – Upper Normandy, Eure, Les Andelys, 4 Dec 2010, 
Moingeon 10077 (ILLS ANM Acc 410); – 4 Dec 2010, Bailly 10177 (ILLS ANM Acc 416); – 
THE NETHERLANDS. C.F. Roobeek 261108 (ILLS ANM Acc 380); UNITED KINGDOM. 
England, Clitheroe, Smalley’s Farm, unimproved pasture, 9 Oct 1992, I. Ridge s.n. (ILLS ANM 
Acc 433); – Scotland, near Arisaig, 56.892914º N, 5.863347º W, 15 Oct 2011, V.P. Hustad, 
ANM 2481 (ILLS s.n.); – Skye, Sleat, Tokavaig, 57.133269º N, 5.969413º W, 13 m elev., 16 Oct 
2011, V.P. Hustad, ANM 2487 (ILLS s.n.); UNITED STATES. New Hampshire, Coos County, 
Randolph, on rotting wood, E.B. Mains 4196 (MICH s.n.); – North Carolina, Haywood County, 
Great Smoky Mountains National Park, Cataloochee, Rough Fork Trail, 35º 37’ N, 83º, 7’ 15.8” 
W, 850 m elev., 14 Aug 2009, V.P. Hustad ANM 2200 (ILLS s.n.); – ANM 2203 (ILLS 61047); 
– ANM 2204 (ILLS s.n.); – Swain County, Great Smoky Mountains National Park, Smokemont, 
Trail to horse campground, 35º 33’ 10” N, 83º 18’ 32.6” W, 640 m elev., 16 Aug 2009, V.P. 
Hustad, ANM 2245 (ILLS s.n.); – Kephart Prong Trail, 35º 35’ 6.7” N, 83º 21’ 31.5” W, 808 m 
elev., 16 Aug 2009, V.P. Hustad, ANM 2258 (ILLS s.n.); – Tennessee, Sevier County, Great 
Smoky Mountains National Park, 5 miles east of Gatlinburg, Greenbrier, Trail to Whaley 
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Cemetery, 35º 42’ 27.2” N, 83º 22’ 54.1” W, 549 m elev., 15 Aug 2009, V.P. Hustad ANM 2225 
(ILLS s.n.); – ANM 2229 (ILLS s.n.). 
Notes: This species is distinguished from its Southern Hemisphere counterpart (B. johnstonii) by 
its slightly shorter ascospores (74–91 µm). This species is also larger in size than the Southern 
Hemisphere Brevitrichoglossum walteri. 
 
Brevitrichoglossum walteri (Berk.) Hustad comb. nov. prov. 
≡ Geoglossum walteri Berk. in Cooke, Hedwigia 14: 39 (1875) 
≡ Trichoglossum walteri (Berk.) E.J. Durand, Annales Mycologici 6(5): 440 (1908) 
= Trichoglossum walteri var. helveticum Imbach, Schweizerische Zeitschrift für Pilzkunde 27: 
137 (1949) 
= Geoglossum rehmianum Henning, Hedwigia 39: 80 (1900) 
≡ Trichoglossum rehmianum (Henning) E.J. Durand, Annales Mycologici 6(5): 439 (1908) 
= Geoglossum tubaroense Hennings, Hedwigia 39: 79 (1901) 
= Trichoglossum hirsutum var. doassanii Pat., Bulletin de la Société Mycologique de France 25: 
129 (1909) 
Fig. 7.18 
Emended Description: Ascomata solitary to gregarious, black to dark brown, slender, clavate, 1–
3.5 cm in height; fertile hymenium black, up to 5 mm wide at the widest part of the hymenium, 
up to one-half the total height of the ascoma, clearly distinguished from the stipe; stipe black, 
terete, slightly compressed, densely hirsute with minute setae, 1–1.5 mm thick at the apex. Asci 
cylindrical-clavate, (130–)150–220(–262) ×(13–)15–18(–20) µm, 8-spored, the ascospores in a 
single multiseriate fascicle. Ascospores cylindrical-clavate, brown, (85–)89–101(–106) × (4–
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)4.5–5.5(–6) µm, straight to slightly curved, 7-septate at maturity. Paraphyses sparsely septate, 
hyaline to very pale brown, slightly enlarged at the apex up to 9 µm, curved to coiled at the apex, 
lightly agglutinated at the apex. 
Habitat: Terrestrial, on soil or rotting wood, amongst moss, or attached to stems of Dicksonia. 
Holotype: AUSTRALIA. Victoria, Apollo Bay, Wild Dog Creek, on Dicksonia Antarctica, Aug 
1874, Walter s.n. (in K). 
Distribution: Argentina (Hladki & Romero 2004), Australia (Cooke 1875; Spooner 1987), Brazil 
(Nannfeldt 1942; Pereira & Bezerra 2011), Canada (Grund & Harrison 1967; Voitk 2013), China 
(Zhuang 1998); Denmark (Ohenoja 2000), France (Moingeon & Moingeon 2003; Priou & 
Dechaume 2014), India (Maas Geesteranus 1965), Indonesia (Boedijn 1940; Rifai 1965), 
Jamaica (Mains 1954), Japan (Imai 1941), Mexico (Medel et al. 1999), The Netherlands 
(Roobeek 2009), New Caledonia (Patouillard 1909), New Zealand (Spooner 1987), Norway 
(Imai 1940; Nannfeldt 1942; Eckblad 1963; Olsen 1986; Sivertsen et al. 1994; Ohenoja 2000), 
Papua New Guinea (Spooner 1987), Russia (Raitviir 1971), Slovakia (Kučera et al. 2008), 
Sweden (Nannfeldt 1942; Hakelier 1964; Ohenoja 2000; Turander 2012), Taiwan (Wang 2001), 
United Kingdom (Dennis 1978), USA (Durand 1908; Mains 1935, 1954). 
Specimens Examined: NEW ZEALAND. Bay of Plenty, Puketoki Reserve, Kaitikati, Odey Rd., 
6 May 2003, C. Shirley s.n. (PDD 78181); – Whinray Scenic Reserve, Motu Falls Trail, 14 May 
2013, V.P. Hustad NZ13-30 (PDD 103594); – Gisborne, Te Urewara National Park, Lake 
Waikaremoana, Waikare-iti Track, 24 May 1981, G. J. Samuels et al. 18 (PDD 43874);  – 
Northland, Trounson Kauri Park, 31 May 1982, G.J. Samuels, A.P. Hawthorne s.n. (PDD 
49754); – Waipoua Forest, Te Matua Nighere, 23 Jun 1981, G.J. Samuels, A.P. Hawthorne, E. 
Horak, P. Johnston, R.H. Petersen s.n. (PDD 49757); – Westland, Westland National Park, Fox 
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Glacier, L. matheison Walk, 8 May 1982, G.J. Samuels, A.P. Hawthorne, P.R. Johnston, R. H. 
Petersen s.n. (PDD 49762); – Stewart Island, Track between Glory Cove and South end of Ocean 
Beach, 30 Apr 2002, P.R. Johnston, S. Whitton, R. Leschen s.n. (PDD 103476);  – Doughboy 
Bay, Western Peninsula Track, 29 Apr 2002, P.R. Johnston, S. Whitton, R. Leschen s.n. (PDD 
103475). 
Notes: Durand (1908) transferred Geoglossum rehmianum to Trichoglossum and later (Durand 
1921) considered T. rehmianum a synonym of T. walteri. Nannfeldt (1942) considered G. 
tubaroense a synonym of T. walteri. Imai (1941) considered T. hirsutum var. doassansii a 
synonym of T. walteri. The distribution records of B. walteri are more than likely largely 
incorrect. Trichoglossum walteri was originally described from Australia and no Northern 
Hemisphere specimens have been found to group with Southern Hemisphere collections of the 
species in phylogenies. Careful examination of Southern Hemisphere collections of B. walteri 
and critical examination of the original type description have been used to produce the emended 
description above, with a narrower range of ascus and ascospores sizes reported here than in 
most descriptions of this species. 
 
Geoglossum Pers., Roemer’s Neues Magazin für die Botanik 1: 116 (1794) 
Ascomata fleshy, upright, stipitate, clavate, hymenium restricted to the upper portion, black or 
dark brownish black; asci clavate, opening by a pore, inoperculate, croziers present at the base of 
asci, 8-spored; ascospores up to 15-septate, fusiform to cylindrical to clavate; paraphyses 
numerous, septate, usually darkened at the tip, often inflated, curved to circinate, or otherwise 
remarkable at the tips. 
Type species: Geoglossum glabrum Pers. Roemer’s Neues Magazin für die Botanik 1: 116 (1794) 
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Key to species of Geoglossum 
1. Mature ascospores mostly 15-septate                 2 
1. Mature ascospores mostly less than 15-septate                3 
2. Ascomata minute, under 2 cm in height, hymenium glabrous    G. pygmaeum 
2. Ascomata large, 3–10(–15) cm in height, viscid      G. peckianum 
3. Ascospores 3–7 septate at maturity (variable in septation but always <7 septa)            4 
3. Ascospores otherwise septate                  8 
4. Ascospores 3- or 7-septate, Australasia                 5 
4. Ascospores or collection site otherwise                 6 
5. Ascospores >75 µm long              G. australe  
5. Ascospores <75 µm long             G. muelleri 
6. Paraphyses stout, distinctly colored, straight             G. vleugelianum 
6. Paraphyses otherwise                   7 
7. Ascomata distinctly squamulose, paraphyses tips contorted, inflated up to 8 µm at the apex 
             G. elongatum 
7. Ascomata glabrous, paraphyses straight, inflated 12–14 µm at the apex         G. lineare 
8. Ascospores 7–14 septate, often variable in septation               9 
8. Ascospores dominantly 7-septate                11 
9. Ascomata dusky brown to black, ascospores (50–)67–85(–100) µm, 7–9-septate, paraphyses 
brown            G. starbaeckii 
9. Ascomata lighter in color, ascospores general longer with more septations, paraphyses hyaline 
                    10 
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10. Ascomata light brown, ascospores up to 12-septate, apical cells of paraphyses inflated up to 8 
µm diameter and lightly embedded in a brown amorphous material, worldwide distribution 
                     G. fallax 
10. Ascomata deep cocoa brown, ascospores 8–10-septate, apical cells of paraphyses only 
slightly inflated and not embedded in amorphous material, Australasia    G. aotearoae 
11. Apical cells of paraphyses in chains               12 
11. Apical cells of paraphyses otherwise               16 
12. Chains of cells commonly 2-celled elements resembling didymospores           13 
12. Chains of cells otherwise                 14 
13. Ascospores (86.5–)96–115(–124) µm long, Southern Hemisphere    G. similoides 
13. Ascospores (60–)74–90(–108) µm long, Northern Hemisphere            G. simile 
14. Apical cells of paraphyses distinctly darkened and embedded in amorphous material  
                    G. prioui 
14. Apical cells of paraphyses hyaline to light brown, not embedded in amorphous material     15 
15. Apical cells somewhat darkened, in boggy areas on Sphagnum        G. glabrum 
15. Apical cells light in color, variety of habitats     G. cookeanum 
16. Apical cells distinctly inflated more than 7 µm in diameter            17 
16. Apical cells not distinctly inflated               18 
17. Ascospores (91–)109.5–124(–135.5) µm in length, New Zealand  G. novaezealandicum 
17. Ascospores (65–)70–81(–88) µm long, ascospores darker brown, paraphyses robust  
                G. inflatum 
18. Paraphyses distinctly hooked to circinate               19 
18. Paraphyses otherwise                 21 
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18. Ascospores 50–62 µm long, light brown, paraphyses tips often breaking off in mounts 
             G. montanum 
18. Ascospores longer, brown, paraphyses tips not breaking off in mounts           20 
20. Ascospores (60–)66–73(–81) µm long, Northern Hemisphere           G. barlae 
20. Ascospores (77.5–)83–91(–106) µm long, Southern Hemisphere          G. turzae 
21. Ascospores (50–)57.5–70(–74) µm long, paraphyses strongly agglutinated       G. alpinum 
21. Ascospores otherwise, paraphyses not or only slightly agglutinated           22 
22. Ascospores (56.5–)63–71 (–76.5) µm in length, paraphyses filiform      G. dolenskyi 
22. Ascospores longer, paraphyses filiform or not              23 
23. Paraphyses noticeably constricted at septa          G. durandii 
23. Paraphyses not or only slightly constricted at septa             24 
24. Paraphyses terminal cells over 20 µm in length        G. umbratile 
24. Paraphyses terminal cells less than 20 µm in length       G. pseudoumbratile 
 
Geoglossum alpinum Eckblad, Nytt Magasin for Botanik 10: 146 (1963) 
Fig. 7.19 
Description: Acomata clavate, 1.4–1.8 cm in height, somewhat compressed longitudinally 
toward the apex, black, hymenium not distinct from the stipe, occupying the upper 3/5 to 2/3 of 
the ascoma, stipe glabrous or slightly alveolate. Asci clavate (120–)130–150(–155) × (16.5–)18–
22(–24) µm, containing 8 ascospores. Ascospores light brown, clavate, (50–)57.5–70(–74) × 5–
7.5 µm, 7-septate at maturity. Paraphyses straight, hyaline at base, brown at tips, filiform, 
agglutinated by a dark brown amorphous matter, up to 5–7 µm wide at the apex. 
Habitat: On sandy footpaths. 
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Holotype: NORWAY. Oppland, Lom: Ved veien 3 km S f. Meadalsseter, ved Soleggen, sandet 
veikant, 19 Aug 1957, F.-E. Eckblad 57–11 (O-F58274). 
Distribution: Iceland (Hallgrimsson 1987; Ohenoja 2000); Norway (Eckblad 1963; Olsen 1986; 
Ohenoja 2000). 
Specimens Examined: ICELAND. Austur Skaftafellsysla Parrish, Skaftafelli, between the 
camping ground and the Skaftafell-jökull, along a path, among Empetrum, 12 Jul 1981, M. 
Jeppson 321064 (UPS:BOT:F-118886); NORWAY. Sør-Trøndelag, Oppdal, Kongsvold, in 
Empetrum, 24 Aug 1985, R. Kristianssen s.n. (UPS:BOT:F-118888); Rana, ca. 1km SW for 
Ørtfjellmoen bro, UTM(WGS84): VP 86 64, 66.3997ºN, 12.724ºE, alt. 120 m, 20 Aug 1979, S. 
Sivertsen s.n. (TRH-FF-22293). 
Notes: This species is closely related to G. cookeanum and G. glabrum but differs from those 
species in having much smaller ascomata and smaller ascospores. 
 
Geoglossum aotearoae Hustad sp. nov. prov. 
Fig. 7.20 
Description: Ascomata gregarious, cocoa brown, 3 to 4 cm in height; fertile hymenium 2-3 mm 
in diameter, occupying the upper one-third to one-half the total length of the ascoma, glabrous; 
stipe darker brown, alveolate. Asci cylindric-clavate, (180–)203–224(–246) × (12–)15–23 µm, 
ascus tip J+ in Melzers, 8-spored, ascospores borne in a multiseriate fascicle. Ascospores mostly 
hyaline (99.9% of ascospores hyaline), very few mature brown ascospores, brown ascospores 
(80–)85–100(–105) × (4–)5–6.5(–7) µm, clavate, 8–10 septate. Paraphyses hyaline below, 
subhyaline to very light brown above, sparsely septate, not or only slightly constricted at the 
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apex, apical cells slightly inflated, globose or lecythiform, slightly longer than the asci, not 
embedded in amorphous material. 
Habitat: On bare forest soil, potentially associated with moss. 
Holotype: NEW ZEALAND. Gisborne, Te Urewara National Park, Trail to Lake Wakareiti, 12 
May 2013, V.P. Hustad NZ13-14 (PDD 103578). 
Distribution: New Zealand (this paper). 
Etymology: Refers to the North Island of New Zealand, where the type specimen was collected. 
Specimens Examined: NEW ZEALAND. Auckland, Waitakere Ranges, Kauri Grove Track, 21 
Aug 1974, J.M. Dingley s.n.; –1 Jul 1980, G.J. Samuels & P.R. Johnston s.n. (PDD 41728); – 
Gisborne, Te Urewara National Park, Trail to Lake Wakareiti, 11 May 1985, G.J. Samuels & 
L.M. Kohn s.n. (PDD 47610); – 12 May 2013, V.P. Hustad NZ13–14 (PDD 103578); – V.P. 
Hustad NZ13–17 (PDD 103581);  
Notes: The distinctly brown coloration of this species distinguishes it from all other New 
Zealand species of Geoglossum. The ascospores are reminiscent of G. fallax or G. australe, but 
G. australe is darker brown when fresh with larger ascospores and the paraphyses G. fallax are 
noticeably different. 
 
Geoglossum australe Cooke, Hedwigia 14:10 (1875) 
= Geoglossum lignicolum Massee, Journal of Botany 34: 150 (1897) 
= Geoglossum glabrum var. lignicolum Massee, Annals of Botany (Oxford) 11: 25 (1897) 
Description: Ascomata scattered to gregarious, 2-4 cm in height, dark brown to black; fertile 
hymenium glabrous, slightly compressed, up to 2 mm wide at widest point, occupying the upper 
one third to one half the total length of the ascoma; stipe cylindric, often slightly compressed, 
121 
dark brown, up to 2 mm thick at the apex, distinctly alveolate. Asci cylindric-clavate, (160–
)180–200(–215) × (14.5–)17–20(–22) µm, 8-spored, ascospores multiseriate, strongly J+ in 
Melzer’s. Ascospores slow maturing, initially hyaline, light brown at maturity, clavate-
subfusoid, (81–)90–105(–115) × 5.5–6.5(–7.5) µm, 3- or 7-septate at maturity. Paraphyses 
entirely light brown, cylindrical, moderately septate and often constricted at the septa, inflated 
above up to 8 µm in diameter, often curved above, slightly agglutinated at the apex, slightly 
longer than the asci. 
Habitat: Terrestrial in moss or on rotten logs. 
Holotype: AUSTRALIA. Tasmania, 1875, M.J. Berkeley (in K). 
Distribution: Australia (Massee 1897 – as G. glabrum var. lignicolum; Spooner 1987). 
Specimens Examined: NEW ZEALAND. South Canterbury, Peel Forest Park, Fern Walk. 29 
May 2013, V.P. Hustad NZ13-53 (PDD 103615); – NZ13-58 (PDD 103620); – Stewart Island, 
Pryse Peak, 26 Apr 2002, P.R. Johnston, S. Whitton, R. Leschen s.n. (PDD 103478). 
Notes: This fungus is closely related to Geoglossum fallax and can easily be confused with that 
species (see Spooner 1987). While the ascospore sizes of both species overlap, G. australe is 
characterized by ascospores with fewer septae. Additionally, the paraphyses of G. fallax form a 
denser agglutination than found in G. australe. Geoglossum australe appears to be endemic to 
Australasia, reported only from Australia and New Zealand. 
 
Geoglossum barlae Boud., Bulletin de la Société Mycologique de France 4: 76 (1889) 
≡ Cibalocoryne barlae (Boud.) S. Imai, Botanical Magazine, Tokyo 56: 526 (1942) [as 
“Cibarocoryne”] 
Fig. 7.21 
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Description: Ascomata scattered to solitary, up to 5 cm in height, black; fertile hymenium black, 
glabrous, 10–15 mm wide at widest point, somewhat distinct from the stipe, occupying the upper 
one third to one half the length of the ascoma; stipe dark brown to black, glabrous, sometimes 
lightly furrowed longitudinally. Asci clavate, (140–)150–190(–210) × 16–19(–21) µm, 8-spored, 
the ascospores borne in a multiseriate fascicle, ascus tip J+ in Melzer’s. Ascospores brown, 
distinctly clavate, (60–)66–73(–81) × 5–6(–7) µm, 7-septate at maturity. Paraphyses cylindrical, 
hyaline below, subhyaline-brown above, moderately septate, slightly constricted at the septa, the 
apex slightly inflated up to 5 µm, curved to circinate at the apex. 
Habitat: On forest soil. 
Holotype: FRANCE. Provence-Alpes-Côte d’Azur, Alpes-Maritimes, Nice, Nov 1882, D.J.B. 
Barla (in P). 
Distribution: France (Boudier 1889; Nannfeldt 1942; Priou 1992; Moingeon & Moingeon 2003), 
Germany (Benkert 1976), Portugal (Nannfeldt 1942), The Netherlands (Maas Geesteranus 
1964b). 
Specimens Examined: FRANCE. 13 Nov 2005, J.-M. Moingeon s.n. (ILLS ANM Acc 404); – 
Nord-Pas-de-Calais, Nord, Cambrai, Cambrai-Est, Estrun, Bassin Rond environs, 6 Oct 2005, C. 
Leceru CL/F05.233 (ILLS ANM Acc 418); – Hautes-Alpes, Saint-Etienne-en-Devoluy, 2000 m 
elev., 6 Nov 2004, J.-M. Moingeon s.n. (ILLS 61034); – Brittany, Côtes-d’Armor, Dinan, 
Trébédan, 26 Nov 2006, J.-P. Priou 28256 (ILLS ANM Acc 412). 
Notes: This species is distinguished by its curved to circinate paraphyses and ascospore sizes. It 
could be confused with G. peckianum but differs from that species in having a glabrous 
hymenium (not viscid as in G. peckianum), 7-septate ascospores, and less coiled praphyses. It 
appears to be restricted to Europe. 
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Geoglossum cookeanum Nannf., Arkiv för Botanik 30A (4):22 (1942) 
= Geoglossum glabrum var. minor Cooke, Grevillea 8(46):61 (1879) 
= Geoglossum glabrum var. americanum Mains, Mycologia 46: 600 (1954) 
= Geoglossum glabrum f. difforme Massee, Annals of Botany (Oxford) 11: 248 (1897) 
= Geoglossum uliginosum Hakelier, Svensk Botanisk Tidskrift 61: 422 (1967) 
Fig. 7.22 
Description: Ascomata broadly clavate, compressed, black, 3–7 cm in height; fertile hymenium 
black, compressed, up to 2 cm wide at broadest point, not sharply delimited from the stipe, 
occupying the upper one-third to one-half of the ascoma; stipe terete, often compressed, smooth, 
glabrous. Asci clavate-lanceolate, (135–)140–165(–182) × (15–)17.5–21(–22.5) µm, 8-spored, 
containing all of the ascospores in a single fascicle, ascus tip strongly J+ in Melzer’s. Ascospores 
clavate, brown, 7-septate, slightly curved, (55–)66–75(–92) × (5.5–)6–7(–8) µm. Paraphyses 
straight to curved, slightly longer than the asci, hyaline below, becoming pale brown towards the 
apex, the upper one fourth closely septated and strongly constricted at the septa into chains of 
cells, occasionally with unconstructed cells resembling didymospores interspersed, inflated up to 
8 µm in diameter at the apex, not or only slightly embedded in brown amorphous material. 
Habitat: Terrestrial, often in moss or grass. Also commonly encountered in grassy sand dunes 
and dune slacks. 
Holotype: UNITED KINGDOM. Norfolk, King’s Lynn, ex. Cooke, Fungi Britanici Exsiccati 
Series 1:  421, C.B. Plowright (UPS:BOT:F-153488). 
Distribution: Canada (Voitk 2013), China (Zhuang 1998), Denmark (Nannfeldt 1942; Ohenoja 
2000), Finland (Ohenoja 1995, 2000), France (Nannfeldt 1942; Priou 1992; Moingeon & 
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Moingeon 2003), Germany (Benkert 1976), India (Maas Geesteranus 1965), Italy (Nannfeldt 
1942; Marcheti & Franchi 1993), Germany (Nannfeldt 1942), Mexico (Medel et al. 1999 – as G. 
glabrum var. americanum), The Netherlands (Maas Geesteranus 1964b; Roobeek 2009), New 
Zealand (Spooner 1987), Norway (Olsen 1986; Sivertsen et al. 1994; Ohenoja 2000), Portugal 
(Arauzo & Iglesias 2014), Slovakia (Kučera & Lizon 2012), Spain (Arauzo & Iglesias 2014), 
Sweden (Nannfeldt 1942; Hakelier 1964; Ohenoja 2000; Turander 2012), Switzerland (Rahm 
1966) United Kingdom (Nannfeldt 1942; Dennis 1978). 
Specimens Examined: CZECH REPUBLIC. Jizerské hory Montains, Machnin Village, 
Hamrstejn Castle, 50º 47’ 9.72” N, 14º 58’ 17.24” E, 10 Sep 2010, V. Kautman, V. Kučera, J. 
Gaisler s.n. (SAV 10227); – Sokolov District, Kraslice, Hranicna, 25 Aug 2010, J Gaisler s.n., 
(ILLS 67347); wetland, 15 Oct 2010, J Gaisler s.n. (ILLS ANM Acc 503); – Horni Cerna 
Studnice, swampy meadow, 29 Jul 2010, Z. Egertova s.n. (ILLS ANM Acc 507); ESTONIA. 
Tartu County, Konguta, Aru, grassland, 58º 17’ 14” N, 26º 23’ 33” E, 11 Oct 2009, V. Kučera 
s.n. (SAV 10273); FRANCE. Morbihan, Plouhinec, Barre d’Etel, amongst dune grass, 47º39’19” 
N, 3º12’51” W, 7 m elev., 30 Dec 2009, J-P Priou 29249 (ILLS ANM Acc 349); NEW 
ZEALAND. Nelson, Abel Tasman National Park, Coastal Track, in grass along path, 22 May 
2013, V.P. Hustad, VPH NZ13-37 (PDD 103601); NORWAY. Oslo, Dronningberget, mixed 
forest, city park, with Pinus, Quercus, Tilia, Alnus, 15-30m elev., 7 Sep 2009, V. Kučera & P. 
Marstad s.n. (SAV 9814); SLOVAKIA. Malé Karpaty Mountains, Chtelnica village, Suchá hora, 
meadow margin with Prunus spinosa, Rosa sp., Crataegus sp., V. Kučera & N. Rybarikova s.n., 
8 Oct 2010 (SAV 10733); – Rohoznik village, Vajarská Quarry, forest, calcareous soil under 
Fagus, 48º26’27.12” N, 17º11’55.94” E, 19 Sep 2010, R. Bednár s.n., (SAV 10425); – Limbach 
village, Rybnicek, 48º20’45.6” N, 17º13’18.0” E, 312 m. elev., 15 Sep 2010, J. Kuriplach s.n. 
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(SAV 10159); UNITED KINGDOM. Scotland, near Arisaig, Traigh Beach, in dune soil among 
grasses, 59.946151ºN, 5.857343ºW, 15 Oct 2011, V.P. Hustad, ANM 2483 (ILLS s.n.); – Wales, 
Newborough Warren, 53.149041ºN, 4.393958º W, 10 Oct 2011, V.P. Hustad, ANM 2463 (ILLS 
s.n.); – Ynislas Sand Dunes, 52.526926ºN, 4.051224ºW, 5 m elev., V.P. Hustad, ANM 2469 
(ILLS s.n.); UNITED STATES. North Carolina, Swain County, Great Smoky Mountains 
National Park, Kephart Prong Trail, on soil, 35º 35’ 6.7” N, 83º 21’ 31.5” W, 808 m elev., 16 
Aug 2009, V.P. Hustad, ANM 2257 (ILLS s.n.). 
Notes: Nannfeldt (1942) considered G. glabrum var. minor a synonym of G. cookeanum. I 
consider G. glabrum var. americanum also to be a synonym. Geoglossum difforme sensu 
Berkeley & Cooke is also this species. 
 
Geoglossum dolenskyi Hustad sp. nov. prov. 
Fig. 7.23 
Description:Ascomata scattered to gregarious, 2 to 5 cm in height; hymenium 2.5 to 4 mm wide 
at the widest point, dark olivaceous brown to black; stipe longitudinally rugose-squamulose, 
glabrous. Asci broadly clavate, (135–)145–160(–172) × 18.5–21(–24) µm, 8-spored, ascus tip 
very lightly J+ in Melzers, ascospores borne in a single fascicle. Ascospores dark brown, clavate-
fusiform, 7-septate, a few 1- to 8-septate (56.5–)63–71(–76.5) × (5.25–)6–7(–8.5) um. 
Paraphyses slender, sparsely septae, curved to slightly circinate at the apex, slightly constricted 
at the septa, slightly longer than the asci, lightly agglutinated by a brown amorphous material. 
Habitat: On deciduous forest soil. 
Provisional Holotype: CZECH REPUBLIC. Liberec, Liberec, Hamrstejn, deciduous forest, 
castle ruin, NW slope, 13 Sep 2010, J. Gaisler s.n. (ILLS ANM Acc 485). 
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Distribution: Czech Republic (this paper). 
Etymology: Named in honor of Bohumil Dolensky. 
Specimens Examined: CZECH REPUBLIC. Liberec, Liberec, Hamrstejn, deciduous forest, 
castle ruin, NW slope, 13 Sep 2010, J. Gaisler s.n. (ILLS ANM Acc 485); – Hamrstejn u hradu, 
6 Sep 2010, J. Gaisler s.n. (ILLS ANM Acc 504). 
Notes: This species is similar to G. umbratile, a name initially applied to these specimens, but it 
differs in ascospore size and in the terminal elements of the paraphyses. 
 
Geoglossum durandii Hustad sp. nov. prov 
Description: Ascomata scattered to gregarious, black, up to 7 cm in height; fertile hymenium 
black, glabrous, smooth, slightly compressed; stipe dark brown-black, terete, up to 1.5 mm thick 
at the apex. Asci clavate, (195–)200–225(–240) × 22–25(–26) µm, 8-spored, apical pore very 
lightly J+ in Melzer’s, ascospores borne in a single multiseriate fascicle. Ascospores brown, 
clavate, (73.5–)79–87(–90.5) × (4.5–)5.5–6.5(–7.3) µm, straight to slightly curved, 7-septate. 
Paraphyses light brown, cylindrical, closely septate and constricted at septa, curved to circinate 
above, longer than the asci. 
Habitat: In moss and humus. 
Provisional Holotype: USA. Washington, Kitsap County, YMCA Camp Seymore, 9 April 2003, 
J.M. Birkebak 7 (WTU-F 16589) 
Distribution: USA (Washington, this paper). 
Etymology: Named in honor of Elias Judah Durand. 
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Specimens Examined: USA. Washington, Kitsap County, YMCA Camp Seymore, 9 April 2003, 
J.M. Birkebak 7 (WTU-F 16589); – King County, Seattle, UW Campus, Across from Hospital 
on Burke Hillman Trail, 4 March 2000, J.F. Ammirati 12738 (WTU-F 62073). 
Notes: This species is characterized by its distinctive ascospores and paraphyses. The paraphyses 
are similar to Geoglossum turzae, but are more darkly pigmented and contain two-celled 
elements in the upper cells similar to G. simile. 
 
Geoglossum elongatum Starbäck ex Nannf., Arkiv för Botanik 30A (4):24 (1942) 
≡ Hemileucoglossum elongatum (Starbäck ex. Nannf.) S. Arauzo, Errotari 11: 182 (2014) 
Description: Ascomata scattered to gregarious, slender, up to 5 cm in height; fertile hymenium 
up to 5 mm wide at widest point, blackish brown, occupying the upper two-fifths to one-half of 
the ascoma; stipe pale brown, squamulose with alveolate tufts of paraphyses on the stipe. Asci 
clavate, (95–)108–140(–155) × 14–17(–18) µm, ascospores borne in a multiseriate fascicle, 
ascus tip J+ in Melzer’s. Ascospores cylindric-clavate, initially hyaline, becoming light brown 
with maturity, 0-7 septate (46–)51–63(–74) × 5.5–7(–8.3) µm. Paraphyses cylindrical, hyaline 
below, becoming light brown above, inflated at the apex up to 8 µm broad, slightly curved at the 
apex, somewhat agglutinated, extending beyond the asci. 
Habitat: In meadows and along roads. 
Holotype: SWEDEN. Östergötland, Kvillinge, Norrviken, 12 Oct 1896, Haglund & Starbäck s.n. 
(S F11242). 
Distribution: Denmark (Ohenoja 2000), France (Priou 1992), The Netherlands (Roobeek 2009), 
Norway (Olsen 1986), Sweden (Nannfeldt 1942; Hakelier 1964; Ohenoja 2000). 
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Specimens Examined: CHINA. 9 Jul 2000, Zang s.n. (HKAS 13692); THE NETHERLANDS. 
2008, C.F. Roobeek, CFR 271008 (ILLS ANM Acc 373); CFR 261100 (ILLS ANM Acc 379); 
UNITED KINGDOM. Northern Ireland, County Down, Murlough NNR, J397338, Nov 2000, D. 
Mitchel s.n., (K(M): 81539); UNITED STATES. Alaska, Mile 247, Dalton Highway, on wet 
peat covered soil, 20 Aug 1983, G.A. Laursen 3102, (WTU-F 28797). 
Notes: This species was transferred by Arauzo & Iglesias (2014) to the genus 
Hemileucoglossum, presumably because of the description of the species provided by Nannfeldt, 
although the authors did not mention having actually examined any specimens of this species. 
Both morphology and molecular evidence support this species remaining in the genus 
Geoglossum, closely related to G. fallax. 
 
Geoglossum fallax E.J. Durand, Annales Mycologici 6(4): 428 (1908) 
= Geoglossum glabrum var. paludosum Pers., Mycologia Europea 1: 194 (1822) 
= Geoglossum subpumilum S. Imai, Transactions of the Sapporo Natural History Society 13: 179 
(1934) 
≡ Geoglossum fallax var. subpumilum S. Imai, Journal of the Faculty of Agriculture, Hokkaido 
Imperial University 45: 215 (1941) 
= Geoglossum proximum S. Imai & Minakata, Transactions of the Sapporo Natural History 
Society 13: 180 (1934) 
≡ Geoglossum fallax var. proximum S. Imai, Journal of the Faculty of Agriculture, Hokkaido 
Imperial University 45: 214 (1941) 
Fig. 7.24 
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Description: Ascomata light brown, solitary to scattered, up to 9 cm in height; fertile hymenium 
up to 6 mm wide at widest point, compressed, slightly lighter brown than the stipe, becoming 
pulverulent with discharged immature ascospores, occupying the upper one-fifth to one-half the 
length of the ascoma; stipe slender, terete, squamulose, especially at the apex, up to 2 mm thick 
at the apex, arising from a whitish tuft of mycelium. Asci clavate-cylindric, 8-spored, (140–
)156–175 × (16–)18–21(–23.5) µm, ascospores bi- to multiseriate in the ascus, apex J+ in 
Melzer’s. Ascospores initially hyaline, becoming brown with age, initially aseptate, becoming 3- 
and eventually 7–12-septate, (60–)80–95(–105) × 5–7 µm, straight or slightly curved, clavate-
cylindric. Paraphyses cylindrical, hyaline, sparsely septate, apical cells inflated up to 8 µm, 
straight to curved, apices embedded in a light brown amorphous material. 
Habitat: In grassland and pasture and along roadsides. 
Holotype: UNITED STATES. New York, Tompkins County, Ithaca, Coy Glen, on humus, 9 July 
1905, D. Reddick s.n. (CUP-A-019197). 
Distribution: Bermuda (Waterston et al. 1945), Canada (Voitk 2013), China (Zhuang 1998), 
Denmark (Ohenoja 2000), Finland (Ohenoja 1995, 2000), France (Priou 1992; Moingeon & 
Moingeon 2003), Germany (Benkert 1976), India (Maas Geesteranus 1965; Prasher & Sharma 
1997), Japan (Imai 1934 – as G. proximum and G. subpumilum; Imai 1941), The Netherlands 
(Maas Geesteranus 1964b; Roobeek 2009), Norway (Imai 1940; Olsen 1986; Ohenoja 2000), 
Russia (Raitviir 1971), Slovakia (Kučera & Lizon 2012), Spain (Arauzo & Iglesias 2014), 
Sweden (Nannfeldt 1942; Hakelier 1964; Ohenoja 2000), Taiwan (Wang 2001), United 
Kingdom (Dennis 1978), USA (Durand 1908; Mains 1954). 
Specimens Examined: CHINA. 13 Sep 2002, F.Q. Yu s.n. (HKAS 43789); COSTA RICA. 
Cartago, Cuerici, trail to mountain top, 2800 m elev., 4 Aug 2012, V.P. Hustad, ANM 2531 
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(ILLS s.n.); – on wood, ANM 2536 (ILLS s.n.); CZECH REPUBLIC. Liberec, Sychrov, in 
meadow in manor park, 2 October 2010, J. Gaisler s.n. (ILLS ANM Acc 483); – Liberec, 
Hamrstejn, deciduous forest, Southwest slope, 13 Sep 2010, J. Gaisler s.n. (ILLS 61037); – 
Mlada Boleslav, Baba u Kosmonos, deciduous forest, South slope, 29 Oct 2010, J. Gaisler s.n. 
(ILLS ANM Acc 490); THE NETHERLANDS. CFR 271105 (ILLS ANM Acc 372); SWEDEN. 
Valinge Parish, Gråkullen, Varberg, Frskt Naturbete, Kill Persson 93:3 (UPS:BOT:F-119045); 
UNITED KINGDOM. England, Cheshire, Stockton Heath, Warrington Lanes, on lawn, 13 Oct 
2005, Irene Ridge s.n. (ILLS NM Acc 438); – Lancashire, Dunsop Valley, Dunsop Bridge, bare 
sandy soil, 13 Oct 2005, Irene Ridge s.n. (ILLS ANM Acc 439); – Scotland, near Arisaig, 
56.899117º N, 5.895209º W, 15 Oct 2011, V.P. Hustad, ANM 2477 (ILLS s.n.); – ANM 2479 
(ILLS s.n.); – ANM 2480 (ILLS s.n.); – Skye, Sleat, Tokavaig, 57.133269ºN, 5.969413ºW, 13 m 
elev., 16 Oct 2011, V.P. Hustad, ANM 2486 (ILLS s.n.); – Glen Eynort, 57.258356ºN, 
6.346291º W, 17 Oct 2011, V.P. Hustad, ANM 2489 (ILLS s.n.); – ANM 2491 (ILLS s.n.); – 
ANM 2492 (ILLS s.n.); – ANM 2495 (ILLS s.n.) – AM 2496 (ILLS s.n.); – ANM 2499 (ILLS 
s.n.); – Upper Milovaig, 57.447186º N, 6.740752º W, 18 Oct 2011, V.P. Hustad, ANM 2509 
(ILLS s.n.); – Wales, Lleyn Peninsula, 1 km NNW of Llithfaen, 52º 58’ 7.19” N, 4º 21’ 13.83” 
W, 9 Oct 2011, V.P. Hustad, ANM 2458 (ILLS s.n.); – ANM 2464 (ILLS s.n.); – Newborough 
Warren, 53.149041ºN, 4.393958ºW, 10 Oct 2011, V.P. Hustad, ANM 2464 (ILLS s.n.); – 
Snowdonia National Park, along roadside, mossy soil by sheep pasture, 52º43’20.28” N, 3º 57’ 
16.64” W, 59 m elev., 12 Oct 2011, V.P. Hustad, ANM 2474 (ILLS s.n.); – ANM 2475 (ILLS 
s.n.); UNITED STATES. New York, Tompkins County, Ithaca, Ringwood, under beech, 4 Aug 
1947, Fitzpatrick & Stuntz, DES 3067 (WTU-F 62074); – North Carolina, Haywood County, 
Geat Smoky Mountains National Park, Cataloochee, Rough Fork Trail, in soil, 35º 37’ N, 83º 7’ 
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15.8” W, 850 m elev., 14 Aug 2009, V.P. Hustad, ANM 2205 (ILLS s.n.); – Tennessee, Cocke 
County, Great Smoky Mountains National Park, near Cosby, Madron Bald Trail, in soil, 35º 45’ 
42.1” N, 83º 16’ 15.7” W, 549 to 914 m elev., 21 Oct 2009, V.P. Hustad, ANM 2310 (ILLS 
71109); – Washington, Mt. Rainier National Park, Lower Nasqually River, under cottonwood, 3 
Oct 1954, AH Smith 48326 (MICH s.n.); – Millersylvania State Park, 10 Nov 1968, Ben Woo, 
DES 15196 (WTU-F 16595). 
Notes: Macroscopically, this species is characterized by the brownish color of the ascomata and 
alveolate stipe, often with a distinct tuft of whitish hyphae at the base. The tuft of white hyphae 
at the base of the stipe is not often mentioned but it can even be seen in Lloyd’s (1916) figures. 
 
Geoglossum glabrum Pers. Roemer’s Neues Magazin für die Botanik 1: 116 (1794) 
= ?Clavaria ophioglossoides L, Species Plantarum II: 1182 (1753) 
≡ Hypoxylon ophioglossoides (L.) Gray, A Natural Arrangement of British Plants I: 512 (1821) 
≡ Geoglossum ophioglossoides (L.) Sacc., Sylloge Fungorum VIII: 43 (1889) 
≡ Geoglossum ophioglossoides f. ophioglossoides (L.) Sacc., Sylloge Fungorum VIII: 43 (1889) 
≡ Geoglossum glabrum var. glabrum Pers., Roemer’s Neues Magazin für die Botanik 1: 116 
(1794) 
≡ Geoglossum glabrum f. glabrum Pers., Roemer’s Neues Magazin für die Botanik 1: 116 (1794) 
= Geoglossum glabrum var. uliginosum Pers., Observationes Mycologicae II: 62 (1800) 
≡ Geoglossum ophioglossoides f. uliginosum (Pers.) Sacc., Sylloge Fungorum VIII: 44 (1889) 
= Geoglossum glabrum Schumach., Enumeratio Plantarum II: 407 (1803) 
= Geoglossum glabrum var. commune Alb. & Schwein., Conspectus Fungorum: 294 (1805) 
= Geoglossum sphagnophilum Ehrenb., Sylvae Mycologicae Berolinensis: 30 (1818) 
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≡ Geoglossum glabrum var. sphagnophilum (Ehrenb.) Fr., Epicrisis Systema Mycologicae: 583 
(1838) 
≡ Geoglossum glabrum f. sphagnophilum (Ehrenb.) J. Favre, Beitrage zur Kryptogamenflora der 
Schweiz 10(3): 21 (1948) 
= Geoglossum glabrum var. macropus Pers., Mycologia Europaea I: 195 (1822) 
= Geoglossum glabrum var. vulgare Pers., Mycologia Europaea I: 194 (1822) 
= Gloeoglossum affine E.J. Durand, Annales Mycologici 6(5): 420 (1908) 
≡ Geoglossum affine (E.J. Durand) Lloyd, Mycological Writings V, Geoglossaceae: 9 (1916) 
≡ Cibalocoryne affinis (E.J. Durand) S. Imai, Botanical Magazine (Tokyo) 56: 526 (1942) 
= Geoglossum glabrum var. angustosporum F.L. Tai, Lloydia 7(2): 148 (1944) 
= Geoglossum glabrum var. elongatum Mains, Mycologia 46: 601 (1954) 
= Geoglossum glabrum var. heterosporum Mains, Mycologia 46: 600 (1954) 
= Geoglossum uliginosum Hakelier, Svensk Botanisk Tidskrift 61: 422 (1967) 
Fig. 7.25 
Description: Ascomata scattered to gregarious, black, 3 to 10 cm in height; fertile hymenium 
glabrous, compressed, black, up to 8 mm wide at the widest part, occupying the upper one-third 
to one-half the length of the ascoma; stipe black, glabrous, terete, up to 4 mm thick at the apex. 
Asci (150–)170–190(–210) × 20–24 µm, 8-spored, the ascospores borne in a single fascicle, 
ascus tip J+ in Melzer’s. Ascospores dark brown, clavate, straight to slightly curved, 7-septate, 
(45–)62–90(–105) × (6–)7–8 µm. Paraphyses cylindrical, straight to slightly curved above, 
hyaline or light brown and sparsely septate below, becoming dark brown and closely septate 
above, apical cells variously enlarged up to 10 µm wide at widest point, not or only slightly 
embedded in brown amorphous material. 
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Habitat: On soil, often associated with Sphagnum. 
Holotype: ?EUROPE. Persoon. (in L, Herb. Lugd. Bat. no. 910.262-109). 
Distribution: Australia (Massee 1897); Belgium (Cooke 1875; Massee 1897), Canada (Durand 
1908; Grund & Harrison 1967; Voitk 2013), Denmark (Massee 1897; Ohenoja 2000), Finland 
(Massee 1897; Ohenoja 1995 – as G. sphagnophilum, 2000), France (Massee 1897), Germany 
(Massee 1897; Benkert 1976), Iceland (Hallgrimsson 1987; Ohenoja 2000), India (Massee 1897; 
Maas Geesteranus 1965 – as G. affine; Thind & Singh 1970 – as G. affine; Sharma & Sidhu 
1991), Ireland (Massee 1897), Italy (Cooke 1875), Japan (Imai 1941), Mexico (Chacón & 
Guzmán 1983), Morocco (Ouabbou et al. 2012; El Kholfy et al 2014), Nepal (Maas Geesteranus 
1965 – as G. affine, Balfour-Browne 1968 – as G. affine), The Netherlands (Cooke 1875), 
Norway (Imai 1940; Eckblad 1963; Olsen 1986 – as G. sphagnophilum; Ohenoja 2000), Portugal 
(Massee 1897), Russia (Cooke 1875; Massee 1897; Raitviir 1971 – as G. affine), Slovakia 
(Kučera & Lizon 2012), Spain (Massee 1897), Sweden (Massee 1897; Nannfeldt 1942; Hakelier 
1964; Ohenoja 2000), Switzerland (Massee 1897; Rahm 1966), Tibet (Maas Geesteranus 1965 – 
as G. affine), United Kingdom (Cooke 1875; Massee 1897), USA (Burt 1899; Durand 1908; 
Mains 1954). 
Specimens Examined: CZECH REPUBLIC. Jizerské Hory Mountains, Horni Maxov village, 
Malá Strana, wet meadow, 50º 46’ 0.019” N, 15º 11’ 59.531” E, 720 m elev., 10 Aug 2011, V. 
Kučera, J. Gaisler, V. Kaufman s.n. (SAV 10531); –Janov nad Nisou Village, Hranicna, 50ºN 
45’ 46.180” N, 15º9’ 19.448” E, 525 m elev., 8 Oct 2010, J. Gaisler s.n. (ILLS ANM Acc 827); – 
Stara Ves village, Jeseniky Mts., Peat Bog Skritek, 49º 59’ 30.84” N, 17º 9’ 52.65” E, 850 m 
elev., 23 Oct 2009, V. Kučera s.n. (ILLS ANM Acc 828); –Sokolov District, Kraslice, Hranicna, 
wetland, 15 Oct 2010, J. Gaisler s.n. (ILLS ANM Acc 503); SLOVAKIA. Pol’ana Mountains, 
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Hrinová city, Near mountain hotel “Pol’ana”, 48º 37’ 39.73” N, 19º 28’ 01” E, 1304 m elev, 27 
Sep. 2009, V. Kučera s.n. (SAV 10162); Vihorlatské vrchy Mountains, Zemplinske Hámre 
village, Postávka peat bog, among Sphagnum, 48º 55’ 24” N, 22º 9’ 25” E, 763 m elev., 20 Sep 
2001, J. Pavik s.n. (SAV 10732); USA. Michigan. Marquette County, Big Bay Area, 10 Sep 
1970, K.A. Harrison 9709 (MICH s.n.). 
Notes: This species apparently is much less common in North America than in Europe. The 
majority of collections of this species that I have examined from North America are actually G. 
cookeanum. This species is listed as “acutely threatened” in Denmark (Stoltze & Pihl 1998). 
 
Geoglossum inflatum (Mains) S. Arauzo, Errotari 11: 238 (2014) 
≡ Geoglossum glabrum var. inflatum Mains, Mycologia 46: 601 (1954) 
Description: Ascomata scattered to gregarious, black, up to 6 cm in height, glabrous; fertile 
hymenium black, glabrous, occupying the upper one-half of the ascoma, not differentiated from 
the stipe; stipe black, glabrous, terete, up to 4 mm wide at the apex. Asci clavate, (150–)160–
174(–200) × (15–)17.5–19(–22) µm, 8-spored, bearing the ascospores in a single fascicle, apical 
pore J+ in Melzer’s. Ascospores brown, cylindric-clavate, straight to slightly curved, (65–)70–
81(–88) × (4.5–)5.5–7(–7.9) µm, 7-septate at maturity. Paraphyses, cylindrical, hyaline below, 
light brown above, distinctly inflated toward the apex up to 8 µm in diameter, moderately 
septate, slightly constricted at the septa, longer than the asci. 
Habitat: In Sphagnum and other moss and on soil. 
Holotype: UNITED STATES. Michigan, Oakland County, Milford, A.H. Smith 10951 (MICH 
00014141). 
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Distribution: India (Thind & Singh 1965 – as G. glabrum var. inflatum), Portugal (Arauzo & 
Iglesias 2014), USA (Mains 1954 – as G. glabrum var. inflatum). 
Specimens Examined: UNITED STATES. Michigan, Roscommon County, northwest corner, on 
soil in swampy area under mixed conifers, N.J. Smith 2274 (MICH s.n.); – Oakland County, 
Milford, A.H. Smith 10951 (MICH 00014141). 
Notes: Arauzo & Iglesias (2014) described this species as robust, but the type material of Mains’ 
Geoglossum glabrum var. inflatum is not robust compared to other G. glabrum material. 
Furthermore, the ITS sequence of G. inflatum provided by Arauzo & Iglesias (2014) is 
significantly different from the sequence generated from American material of this species. It 
seems likely that the species described by Arauzo & Iglesias (2014) is a different species entirely 
and should be provided a new name. Without seeing their material, I will refrain from suggesting 
nomenclatural changes. 
 
Geoglossum lineare Hakelier, Svensk Botanisk Tidskrift 61: 421 (1967) 
Description: Ascomata scattered to gregarious, black throughout, narrowly cylindrical to terete, 
slightly compressed, up to 1–4.5 cm in height; fertile hymenium concolorous with the stipe, up to 
4 mm wide at widest point, occupying the upper one-third to one-half of the ascoma; stipe 
smooth, slightly viscid when fresh. Asci clavate, (130–)140–160 × (12–)13–15.5(–16.5) µm, 8-
spored, spores bi- or multi-seriate, apical pore J+ in Melzer’s. Ascospores pale brown, 
cylindrical to cylindric-clavate, (41–)47–63(–70) × 4.5–5.5(–6) µm, 3–7 septate at maturity. 
Paraphyses sparsely septate, straight, hyaline below, pale brown above, inflated at the apex, 
longer than the asci, distinctly broad throughout, 4.5–5.5 µm below, gradually increasing in 
diameter up to 12.5–14 µm at apex. 
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Habitat: On soil in pastures in central and northern Sweden. 
Holotype: SWEDEN. Västmanland, Ljusnarsberg parish, Östra Älvhöjden, 25 September 1965. 
N. Hakelier s.n. (UPS:BOT:F-013938). 
Distribution: Norway (Olsen 1986), Sweden (Hakelier 1967; Ohenoja 2000). 
Specimens Examined: SWEDEN. Jämtland, Berg Parrish, S om Vigge.,5 Sep 1964, N. Hakelier 
s.n. (UPS:BOT:F-523182); – Västmanland, Ljusnarsberg parish, Östra Älvhöjden, 25 September 
1965. N. Hakelier s.n. (UPS:BOT:F-013938); – Salbo, Betesmark, 13 Oct 1974, N. Hakelier s.n. 
(UPS:BOT:F-605169). 
Notes: The paraphyses in this species are very distinctly inflated throughout. The combination of 
paraphysis characters and 3–7-septate ascospores differentiates this species from others. G. 
vleugelianum has similarly inflated paraphyses, but the paraphyses in G. vleugelianum are 
darker, shorter, and more closely septate. 
 
Geoglossum montanum Nannf., Arkiv før Botanik 30A (4): 34 (1942) 
Description: Ascomata brownish-black, short, up to 3 cm in height; fertile hymenium narrow, up 
to 2 mm wide at widest point, slightly compressed, not distinct from the stipe, occupying the 
upper one-fourth to one-third the length of the ascoma; stipe slender, up to 2 mm wide at the 
apex, glabrous. Asci clavate, (124–)136–151(–163) × (14–) 16.5–20 µm, 4- or 6-spored, , spores 
bi-to multi-seriate in the ascus, apical pore J+ in Melzer’s. Ascospores clavate, light brown, 
initially hyaline and aseptate, becoming 7-septate at maturity (42.5–)50.5–62(–70) × 5–6(–7) 
µm. Paraphyses filiform, slender below, inflated and brown above, apical cells curved or coiled 
up to 5 µm wide, often breaking apart in mounts. 
Habitat: On sandy soil along paths. 
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Holotype: SWEDEN. Lule Lappmark, Jokkmokk Parrish, Snjerak, in the slope, on the tourist 
path from Kvikkjokk, 11 Aug 1936, J.A. Nannfeldt 5189 (UPS:BOT:F-013940). 
Distribution: Finland (Ohenoja 1995, 2000), Norway (Eckblad 1963; Olsen 1986; Ohenoja 
2000), Sweden (Nannfeldt 1942; Hakelier 1964; Ohenoja 2000), United Kingdom (Phillips 
1887). 
Specimens Examined: SWEDEN. Jamtland, V. Fisks, 7 Aug 1985, J. Nitare s.n. (ILLS ANM 
Acc 385); Lule Lappmark, Jokkmokk Parrish, Alvsborg utanför Jokkmokk, Vägkant-sand med 
ljung, mossa o lav, även Clavaria argillacea, 230 m elev,, 5 Oct 1990, M. Karström 9019 
(UPS:BOT:F-119229). 
Notes: This species is characterized by its diminutive size and characteristic paraphyses. It could 
be confused with Geoglossum lineare, but that species is generally larger, and has 8-spored asci 
and different paraphyses tips. The paraphyses of G. montanum characteristically are fragile and 
not agglutinated in any way. 
 
Geoglossum muelleri Berkeley, in Cooke, Hedwigia 14: 10 (1875) 
Fig. 7.26 
Description: Ascomata scattered to gregarious, black 1.5–2 cm in height, clavate; fertile 
hymenium dark brown to black, compressed, clavate, one-third to one-half the total length of the 
ascoma, 2–3 mm wide at widest point; stipe dark brown to black, conspicuously squamulose 
(especially when dry), 1–2 mm thick at apex. Asci clavate, (128–)135–155(–160) × (15–) 16–
18(–19) µm, apical pore J+ in Melzer’s, 8-spored, bi- or multi-seriate. Ascospores light to dark 
brown, slow in developing pigmentation, cylindric-clavate, 3–7-septate, (49.5–)53–67(–71) × 
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(5.5–)6–7 µm. Paraphyses dark brown, strongly agglutinated above, remotely septate, 2–3 µm in 
diameter, inflated at the apex 4–7 µm. 
Habitat: In grass and in damp, mossy embankments. 
Holotype: In K, 1874, Melbourne, in grass, ex herb. Cooke. 
Distribution: Australia (Cooke 1875; Spooner 1987), New Zealand (this paper). 
Specimens Examined: NEW ZEALAND. Auckland, Beachhaven, on grass, 1 July 2008, M. 
Hunt s.n. (PDD 94761); – Norfolk Island, West Palm Glen, Norfolk Island National Park, 16 
May 1997, H. Lepp 1692 (PDD 74585); – Taupo, Whiranaki Forest Park, Whiranaki Waterfall, 
on damp embankment near waterfall, 11 May 2013, V.P. Hustad, VPH NZ13-09 (PDD 103573); 
– South Canterbury, Peel Forest Park, Fern Walk, 29 May 2013, V.P. Hustad, VPH NZ13-54 
(PDD 103616). 
Notes: This species appears to be restricted to the Southern Hemisphere, specifically Australia 
and New Zealand. It is rather diminutive and easily overlooked, but very charismatic 
microscopically. 
 
Geoglossum novaezealandicum Hustad sp. nov. prov. 
Fig. 7.27 
Description: Ascomata black, glabrous to viscid when fresh, scattered, 3–4 cm in height; 
hymenium black, usually lanceolate, though occasionally more or less capitate, 3–4 mm wide at 
widest point, occupying the upper one-third to one-half of the ascoma; stipe scurfy, 1–2 mm 
thick at the apex. Asci clavate, (132–)160–186(–215) × (21.5–)24–29.5(–36) µm, 8-spored, the 
ascospores borne in a single muliseriate fascicle, apical pore J+ in Melzer’s, some asci 
containing ascospores with variable septation (2-, 3-. 4-, and 8-septate forms noticed). 
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Ascospores brown, clavate, (91–)109.5–124(–135.5) × (4.5–)5–6(–7), 7-septate, though rarely 
otherwise septated. Paraphyses closely septate, straight or slightly curved above, distinctly 
inflated at the apex up to 10 µm, slightly longer than the asci. 
Habitat: On damp forest soil. 
Holotype: NEW ZEALAND. Bay of Plenty, Whinray Scenic Reserve, Motu Falls Trail, 14 May 
2013, V.P. Hustad NZ13-26 (PDD 103590). 
Distribtution: New Zealand (this paper). 
Etymology: Native to New Zealand. 
Specimens Examined: NEW ZEALAND. Bay of Plenty, Whinray Scenic Reserve, Motu Falls 
Trail, 14 May 2013, V.P. Hustad NZ13-26 (PDD 103590); – V.P. Hustad NZ13-31 (PDD 
103595); 
Notes: This species is distinguished from Geoglossum umbratile by its distinctly inflated 
paraphysis tips and larger ascospores sizes. 
 
Geoglossum peckianum Cooke, Mycographia I: 5 (1875) 
= Geoglossum difforme Fr. ex Fr., Systema Mycologicum I: 489 (1821) 
= Gloeoglossum difforme Durand, Annales Mycologici 6: 421 (1908) 
≡ Cibalocoryne peckiana (Cooke) S. Imai [as ‘Cibarocoryne’], Botanical Magazine (Tokyo) 56: 
525 (1942) 
= Geoglossum glutinosum Peck, Report of the New York State Museum of Natural History 25: 97 
(1872), nom. illeg., non Pers. 
Fig. 7.28 
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Description: Ascomata solitary to gregarious, often occurring in large troops, rather large, mostly 
3–10(–15) cm in height, black, often viscid when fresh, smooth, clavate, strongly compressed; 
fertile hymenium not distinct from the stipe, black, 5–20 mm wide at the widest point, strongly 
compressed, occupying the upper one-fourth to one-half of the ascoma; stipe terete, up to 6 mm 
wide at the apex, often compressed. Asci clavate, 240–275 × 18–25 µm, 8-spored, the ascospores 
borne in a single fascicle, apical pore J+ in Melzer’s. Ascospores brown, cylindrical-clavate, 
broadest at the center, 15-septate at maturity, (70–)95–120(–135) × 6–7 um. Paraphyses slender, 
coiled at the apex, sparsely septate, hyaline to subhyaline below, slightly brownish at the apex, 
slightly longer than the asci forming a dense layer of tissue in the hymenium difficult to separate. 
Habitat: On forest soil and rotting logs in mixed deciduous forest. 
Holotype: USA. New York, Sullivan County, Forestburgh, C.H. Peck s.n. (in K). 
Distribution: Canada (Durand 1908 – as Gloeoglossum diffome; Mains 1954 – as G. difforme; 
Grund & Harrison 1967), Denmark (Ohenoja 2000), France (Massee 1897; Priou 1992; 
Moingeon & Moingeon 2003), Japan (Imai 1941 – as Gloeoglossum difforme), The Netherlands 
(Maas Geesteranus 1964b), Norway (Imai 1940 – as G. nigritum; Sivertsen et al. 1994 – as G. 
difforme), Slovakia (Kučera & Lizon 2012), Russia (Raitviir 1971 – as G. difforme), Sweden 
(Nannfeldt 1942; Hakelier 1964; Ohenoja 2000; Turander 2012), Switzerland (Breitenbach & 
Kränzlin 1984), United Kingdom (Massee 1897), USA (Burt 1899; Durand 1908 – as 
Gloeoglossum difforme; Mains 1954 – as G. difforme). 
Specimens Examined: CANADA. Nova Scotia, Harrington Woods, K.A. Harrison 12304 (MICH 
s.n.); UNITED STATES. Michigan, Mackinac County, Mackinaw City, A.H. Smith 35874 
(MICH s.n.) – Marquette County, Near Yellow Dog River Bridge, 3 Aug 1970, K.A. Harrison 
9175 (MICH s.n.); – Tahquamenon Falls State Park, on humus in hardwoods, 2 Sep 1949, AH 
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Smith 33214 (MICH s.n.); –North Carolina, DuPont State Forest, 35º 12’ 15.9” N, 82º 37’ 36.7” 
W, 15 Aug 2009, R.E. Baird, J. Justice, ANM 2213 (ILLS s.n.); – Haywood County, Great 
Smoky Mountains National Park, Cataloochee, Baxter Creek Trail, 35º 45’ 38” N, 83º 6’ 59.8” 
W, 8 August 2005, V.P. Hustad 25 (ILLS 67348); – terrestrial in humus, 35º 62.651’ N, 83º 
11.204’ W, 31 July 2004, AS Methven 10498 (ILLS 67349); – Caldwell Fork Trail, 35º 37’ N, 
83º 6’ W, 762 m elev., 14 Aug 2009, V.P. Hustad, ANM 2178 (ILLS s.n.); Rough Fork Trail, 35º 
37’ N, 83º 7’ 15.8” W, 850 m elev., 14 Aug 2009, V.P. Hustad, ANM 2188 (ILLS s.n.); – ANM 
2189 (ILLS s.n.); ANM 2190 (ILLS s.n.); – ANM 2191 (ILLS s.n.); – South Carolina, Oconee 
County, Walhalla Fish Hatchery, 34º 59.155’ N, 83º 04.374’ W, 28 Jul 2010, G. Presley s.n. 
(ILLS ANM Acc 390); – Tennessee, Blount County, Great Smoky Mountains National Park, 
Cades Cove, Junction of Sparks Lane and Cades Cove Loop Trail, 35º 36’ 23.5” N, 83º 47’ 19.6” 
W, 533 m elev., 13 Aug 2009, V.P. Hustad, ANM 2169 (ILLS 61036); – ANM 2170 (ILLS s.n.); 
– Cocke County, Great Smoky Mountains National Park, Cosby, Cosby Nature Trail, 35º 45’ 
13.8” N, 83º 12’ 25.8” W, 716 m elev., 12 Aug 2009, V.P. Hustad, ANM 2157 (ILLS s.n.); – 
ANM 2159 (ILLS s.n.); – Wisconsin, Fond Du Lac County, North kettle Moraine State Forest, 
Mauthe Lake, 3 Aug 2008, A.D. Parker s.n. (ILLS ANM Acc 800). 
Notes: Peck (1872) described this species as Geoglossum glutinosum, although this was a later 
homonym of Persoon’s description of that same species. Geoglossum peckianum is one of the 
most common species of Geoglossum in the Eastern United States and is easily recognized by its 
large size, often viscid ascomata, 15-septate ascospores, and coiled paraphyses tips. The name G. 
difforme was commonly used, but examination of Fries’ type specimen of that species and 
careful nomenclature by Nannfeldt (1942) resulted in the correct application of the name G. 
peckianum to this species. 
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Geoglossum prioui Hustad sp. nov. prov. 
= Geoglossum “sphagnophilum” of previous Hustad papers. 
Fig. 7.29 
Description: Ascomata scattered to gregarious, black, 3 to 8 cm in height; fertile hymenium 
glabrous, compressed, black, up to 6 mm wide at the widest part, occupying the upper one-third 
to one-half the length of the ascoma; stipe black, glabrous, terete, up to 4 mm thick at the apex. 
Asci (156.5–)173–195(–211) × 20–24 µm, 8-spored, the ascospores borne in a single fascicle, 
ascus tip J+ in Melzer’s. Ascospores dark brown, clavate, straight to slightly curved, 7-septate, 
(45.6–)62–74(–82.5) × (6–)7–8(–9) µm. Paraphyses cylindrical, straight to slightly curved above, 
hyaline or light brown and sparsely septate below, the upper cells chains of repeating globose 
cells, becoming exteremely dark brown and closely septate above, agglutinated by a thick dark 
amorphous material, apical cells variously enlarged up to 10 µm wide at widest point. 
Habitat: In wet boggy soil associated with Sphagnum. 
Holotype: FRANCE. Languedoc-Roussillon, Pyrénées-Orientales, Lac des Bouillouses, 8 Sep 
2008, S.G. Poumarat 28205 (ILLS 67351). 
Distribution: France (Priou 1992, Moingeon & Moingeon 2003). 
Etymology: Named in honor of Jean-Paul Priou. 
Specimens Examined: FRANCE. Languedoc-Roussillon, Pyrénées-Orientales, Lac des 
Bouillouses, 8 Sep 2008, S.G. Poumarat 28205 (ILLS 67351); Franche-Comté, Jura, Saint-
Claude, Tourbiere, 8 Oct 2005 J.-M. Moingeon s.n. (ILLS ANM Acc 417); – 11 Sep 2005, J.C. 
Moingeon s.n. (ILLS ANM Acc 411); UNITED KINGDOM. England, Lancashire, Dunsop 
Valley, near Dunsop Bridge, 15 Oct 1994, I. Ridge s.n. (ILLS ANM Acc 437). 
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Notes: In previously published research (Hustad et al. 2013, 2014) this species was referred to as 
Geoglossum sphagnophilum, based on the description of that species by Ehrenberg (1818) taken 
up by Cooke and perpetuated by Seaver (1951). A closer review of Ehrenberg’s description and 
examination of Ehrenberg’s specimen by Viktor Kučera (pers. comm.) has convinced me that the 
name Geoglossum sphagnophilum must be a synonym of G. glabrum and that a new provisional 
name must be assigned to this species. 
 
Geoglossum pseudoumbratile S. Arauzo nom. prov. 
Description: Ascomata black, 3–8 cm in height, glabrous, lanceolate; fertily hymenium, up to 6 
mm wide at widest point, black, not distinct from the stipe, occupying the upper one-third to one 
half of the ascoma; stipe, cylindric, black, glabrous. Asci cylindric-clavate, (170–)181–223(–
231) × (17–)19–22(–24.5) µm, 8-spored, the ascospores borne in a single fascicle,ascus tip J+ in 
Melzer’s. Ascospores cylindric-clavate, straight or slightly curved, 7-septate at maturity, light to 
dark brown, (61.5–)80–95.5(–107) × (5–)5.5–6.5(–7) µm. Paraphyses straight, cylindrical, 
hyaline below, lightly pigmented above, sparsely septat throughout, not constricted at the septa, 
inflated at the apices up to 6 µm in diameter, variously curved to hooked at the apex. 
Habitat: On soil and humus in mixed deciduous forest. 
Holotype: None selected yet. I assume it would be an Arauzo specimen from Spain. 
Distritubion: Portugal (Arauzo & Iglesias 2014), Spain (Arauzo & Iglesias 2014). 
Specimens Examined: CZECH REPUBLIC. Liberec, Hamrstejn, deciduous forest, E. slope, 25 
Aug 2010, J Gaisler s.n. (ILLS ANM Acc 487); – 30 Oct 2010 (ILLS ANM Acc 489); – SW 
slope, 13 Sep 2010, J. Gaisler s.n. (ILLS ANM Acc 486); FRANCE. Nord-Pas-de-Calais, Nord, 
Cambrai, Cambrai-Est, Estrun, Bassin Rond environs, 9 Nov 2004, C. Lecuru 04.328 (ILLS 
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ANM Acc 401); – ITALY. Brescia, on damp ground, Nov 2010, Medardi s.n. (K(M): 169625); 
THE NETHERLANDS. C.F. Roobeek 271008 (ILLS ANM Acc 376). 
Notes: Roobeek (2009) described a Geoglossum species A that is morphologically similar to this 
provisional species. I have examined and sequenced material of Roobeek’s specimen and it is 
conspecific with this provisional species. 
 
Geoglossum pygmaeum W.R. Gerard, in Durand, Annales Mycologici 6(5): 429 (1908) 
Description: Ascomata minute, 0.5–2 cm in height, though acc. lit. up to 5 cm in height, black; 
fertile hymenium capitate to compressed, occupying the upper one-fourth to one-half of the total 
length of the ascoma, glabrous, up to 8 mm wide at widest point; stipe terete, up to 3 mm thick at 
the apex, slender, minutely pubescent. Asci cylindric-clavate, (175–)180–200(–240) x 17–20(–
25) µm, 8-spored, ascospores multiseriate in the ascus, apical pore strongly J+ in Melzer’s. 
Ascospores brown, cylindric to fusoid-clavate, straight or curved, mostly 15-septate in maturity, 
(120–)140–165(–185) x (4–)5–6(–7) µm. Paraphyses cylindrical, straight or slightly curved, 
slightly longer than the asci, hyaline below, pale to light brown above, closely septate and 
constricted at the septa near the apex, the apical cells inflated 10–14 µm wide at the apex. 
Habitat: On soil. 
Holotype: USA. New York, Dutchess County, Poughkeepsie, July 1875, W.R. Gerard (in NYS). 
Distribution: Bermuda (Waterston et al. 1945), India (Prasher & Sharma 1997), Portugal (Arauzo 
& Iglesias 2014), USA (Mains 1954). 
Specimens Examined: ECUADOR. 31 May – 1 Jun 1983, Thomas Læssøe 44206 (ILLS ANM 
Acc 353); USA. Tennessee, Sevier County, Keener House, 3 Aug 1938, AH Smith 9698 (MICH 
s.n.). 
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Notes: This species is very similar in description to G. pumilum, having minute ascomata and 
containing 15-septate mature ascospores. It differs from that species by having slightly larger 
ascospores [(120–)140–165(–185) µm in G. pygmaeum vs. (85–)90–130(–145) µm in G. 
pumilum]. I have not seen type material of G. pumilum, but it may only be an immature form of 
G. pygmaeum. If so, the name G. pumilum would have priority (described in 1887) and 
nomenclatural transfer would be necessary. 
 
Geoglossum simile Peck, Bulletin of the Buffalo Society of Natural Sciences 1(2): 70 (1873) 
≡ Geoglossum glabrum var. simile (Peck) S. Imai, Trans. Myc. Soc. Jap. 3: 52. 1962. 
Figs. 4.2 and 4.3 
Description: Ascomata (2–)4–6.5(–8) cm high, solitary to gregarious, club-shaped, stipitate. 
Fertile hymenium lanceolate, more or less compressed, (4–)9.7–19.2(–35) mm long, (1–)2–4(–7) 
mm thick, apex usually subacute to obtuse, blackish-brown, differentiated from the sterile stipe, 
sometimes with a narrow median groove. Stipe gracile, cylindrical above, terete, minutely 
pubescent or glabrous when fresh, forming acute tufts and squamulose when dried (Figs. 4.3A 
and 4.3C), brownish-black with dark cinnamon brown base, (15–)26–48(–60) mm long, 0.5–2(–
3) mm thick. Asci (155–)175–200(–220) × (16.5–)24.5–29.5(–36) µm, 8-spored, clavate or 
lanceolate to narrowly tapered towards the apex, the pore bluing in Melzer’s reagent. Ascospores 
(60–)74–90 (–108) × (4.7–)6.6–7.8(–11) µm, in a parallel fascicle, 7-septate (though 8- and 9- 
septate ascospores rarely seen), dark fuliginous, cylindric to clavate or slightly narrower at one 
end, often slightly curved (Figs. 4.2B, 4.3B). Paraphyses filiform, pale brown in upper part, 
straight or curved, (though often sigmoid at the terminal end) moderately to closely septate in the 
upper part constricted to form barrel-shaped segmented cells resembling didymospores (often 
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forming chains of three or more such cells in sequence at the terminal end), protruding beyond 
the asci, the apical cell (7–)9.7–13.9(–20) × (4–)5.3–7.3(–10) µm (Figs. 4.2C, 4.3D). 
Habitat: Geoglossum simile occurs in Europe most commonly in peat bogs and wet meadows 
among mosses. In North America the species is commonly found on moss-covered soil and 
humus in mixed deciduous forests. According to the literature it also is found on soil (Nannfeldt 
1942, Zhuang and Wang 1997), as well as in swamps, bogs and well-drained soil (Mains 1954), 
damp pasture (Jørgensen & Vevle 1968, Ohenoja 2000), soil in Cedrus or Quercus forest (Maas 
Geesteranus 1965), on rotten logs (Nannfeldt 1942), and among Sphagnum (Nannfeldt 1942, 
Mains 1954) and other mosses (Mains 1954). 
Epitype: USA. New York, Cortland County, Kennedy State Forest, Scutt Hill Road, 10 August 
2003, TJ Baroni TJB 9613, (epitype CORT 005220, isoepitype ILLS 71160). 
Distribution: Australia (Beaton & Weste 1979), Austria (www.gbif.org), Canada (Nannfeldt 
1942; Mains 1954; Voitk 2013), China (Zhuang & Wang 1997; Zhuang 1998), Czech Republic 
(Hustad et al. 2014), Denmark (Bille-Hansen 1954, Ohenoja 2000), Estonia (www.gbif.org),  
France (Priou 1992), Germany (Benkert 1976), Greenland (Petersen & Korf 1982), India (Batra 
& Batra 1963; Thind & Singh 1964b; Maas Geesteranus 1965; Prasher & Sharma 1997), Japan 
(Imai 1941), Norway (Eckblad 1963; Jørgensen & Vevle 1968; Olsen 1986; Sivertsen et al. 
1994), Russia (Raitviir 1971), Slovakia (Hustad et al. 2014), Sweden (Hakelier 1964; Nitare 
1988; Turander 2012), Switzerland (www.gbif.org), UK (www.gbif.org), USA (Peck 1873; 
Nannfeldt 1942; Mains 1954). 
Specimens Examined: CANADA: Nova Scotia, Annapolis County, Melvern Square Vault, 3 Sep 
1973, K.A. Harrison (ILLS 71106). CZECH REPUBLIC: Jizerské hory Mountains, Nature 
Reserve “Jizerka peat bog” 500 m N from “Pešákovna” chalet, Q 5158c, 50°49'45.6" N, 
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15°20'12.6" E, 882 m elev., at the margin of peat bog with Molinia caerulea and Sphagnum sp., 
25 Aug 2012, J. Gaisler (SAV 10689), (SAV 10686), (SAV 10681), (SAV 10682); – 380 m NW 
from “Pod Bukovcem” chalet in Jizerka settlement, Q 5158c, 50°48'52.9" N, 15°20'59.1" E, 891 
m, elev. moist meadow with Sphagnum sp., Carex spp., Juncus spp., 25 Aug 2012, J. Gaisler 
(SAV 10687); – 280 m NE from “Pyramida” chalet in Jizerka settlement, Q 5158c, 50°49'11.2" 
N, 15°20'58.8" E, 856 m elev., in peat bog with Pinus mugo and Molinia caerulea, 9 Aug 2012, 
J. Gaisler (SAV 10685), (SAV 10679), (SAV 10680); – 50 m N from “Granit” chalet, Horní 
Černá Studnice village, Q 5257c, 50°42'38" N, 15°13'08" E, 760 m elev., in moist meadow with 
Sphagnum sp., Carex spp. and Juncus spp., 29. Jul 2009, Z. Egertová, M. Kříž s.n. (SAV 10683); 
– 270 m NE from “Pyramida” chalet in Jizerka settlement, in ditch near road, 50°49'10.2" N, 
15°21'0.5" E, 857 m elev. , in Sphagnum sp. and Molinia caerulea, V. Kučera, J. Gaisler, V. 
Kautman (SAV 10731). – 320 m SE from “Javor” chalet in Jindřichov village, Q 5257c, 
50°44'47.8" N, 15°11'54.4" E, 581 m, in moist meadow with Sphagnum sp., Carex spp., Juncus 
spp. and Cirsium palustre, 7. VIII. 2011, J. Gaisler (SAV 10671). – Horní Maxov, 300 m E from 
“U náhonu” chalet and 40 m from a small pond, Q 5257a, 50°45'59.8" N, 15°11'59.5" E, 711 m, 
in wet meadow with Sphagnum sp., Carex spp. and Juncus spp., 7. VIII. 2011, J. Gaisler (SAV 
10955). NETHERLANDS: Gelderland, Lochem, in old meadows with Carex sp. and Juncus sp., 
28. VII. 2012, C.F. Roobeek (SAV 10956). SLOVAKIA: Laborecká vrchovina Mts., Natural 
Reserve Haburské rašelinisko peat bog, ca 5 km NNE from the Habura village, Q 6697a, 
49°22'11" N, 21°53‘09" E, 682 m, in Sphagnum sp., 20. IX. 2006, V. Kučera (SAV 9061), (SAV 
9070). – Nízke Tatry, village Liptovská Teplička, in peat bog pod Soľankou“, 48°58'44" N, 
20°02'52" E, 920 m, 9. IX. 2006, V. Kučera, I. Kautmanová (SAV 9063). – Kysuce, village 
Raková, peat bog with Sphagnum sp., 42°29'18.59" N, 18°40'44.2" E, 677 m elev., 10. IX. 2009, 
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M. Zajac (SAV 10136). SWEDEN: Närke, Sköllersta, ca 1 km S of Hälla, drained swamp, 06. 
IX. 1964, N. Hakelier (UPS F-122051). – Värmland, Övre Ullerud, slightly damp pasture, 22. 
VIII. 1991, Bo Jansson (UPS F-599179). – Vadkärr, municipality of Varberg, pasture, in grass, 
57°16'23.5'' N, 12°23'08.3'' E, 16. IX. 2012, V. Kučera (SAV 10587). UNITED KINGDOM: 
England, Dunsop Valley, Forest of Bowland, wet, acid soil, associated with Poaceae and short 
grass, 5. X. 1997, I. Ridge (ILLS 71105). UNITED STATES: Kansas, Sedgwick County, Derby, 
City Park, 18. VI. 2010, M. Melicharová (SAV 10129). – Michigan, Chippewa County, Detour, 
Hardwoods, 20. VIII. 1949, H.A. Imshaug (ILLS 3768). – New York, Cortland County, Kennedy 
State Forest, Scutt Hill Road, 10. VIII. 2003. T.J. Baroni (TJB 9613) (CORT 005220; ILLS 
71160). – Hamilton County, Raquette Lake, Long Point, 21. VII. 2007. T. Galante (TG 9) 
(CORT 005221) – North Carolina, Macon County, Nantahala National Forest, Standing Indian 
Campground, 35º04’33.79” N, 83º31’42.45” W, mixed deciduous forest, 3. XIII. 2004, A.S. 
Methven (ASM 10528) (ILLS 67350). – Haywood County, Great Smoky Mountains National 
Park, Cataloochee, Rough Fork Trail, 35º37’ N, 83º7’15.8” W, 850 m, 14. VIII. 2009, R.E. Baird 
(ILLS 71108). – South Carolina, Ocone County, Walhalla Fish Hatchery, 34º59.155’ N, 
83º04.374’ W, 14. VII. 2008, G. Presley, (ILLS 71104). – Tennessee, Blount County, Great 
Smoky Mountains National Park, Cades Cove, Junction of Sparks Lane and Cades Cove Loop 
Trail, on rotten wood, 35º36’23.5” N, 83º47’19.6” W, 533m, 13. VIII. 2009, V.P. Hustad (ILLS 
61039). – Cocke County, Great Smoky Mountains National Park, near Cosby, Madron Bald Trail 
35º45’42.1” N, 83º16’15.7” W, 549-914 m, 21. X. 2009, V.P. Hustad (ILLS 71109). 
Notes: This species is discussed extensively in Chapter 4 (Hustad et al. 2014). 
 
Geoglossum similoides Hustad sp. nov. prov. 
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Fig. 7.30 
Description: Ascomata gregarious, 10–15 mm in height, black; fertile hymenium black, glabrous, 
slightly compressed, 2–3 mm wide at widest point, occupying the upper one-third the length of 
the ascoma; stipe slender, terete, up to 1 mm thick at the apex, squamulose, black. Asci clavate, 
8-spored, (220–)241–290(–320) × (10–)12–16 µm, apical pore J+ in Melzer’s. Ascospores 
brown, fusiform-clavate, 7-septate. (86.5–)96–115(–124) × (4.5–)5–6 µm. Paraphyses 
cylindrical, closely septate above, constricted at alternating septa above, forming two-celled 
segments similar to didymospores in the terminal cells.  
Habitat: On mossy soil in mixed forest. 
Holotype: NEW ZEALAND. Bay of Plenty, Moanui Conservation Area, 13 May 2013, V.P. 
Hustad NZ13-25 (PDD 103589). 
Distribution: New Zealand (this paper). 
Etymology: Refers to the resemblance of this species to Geoglossum simile. 
Specimens Examined: NEW ZEALAND. Bay of Plenty, Moanui Conservation Area, 13 May 
2013, V.P. Hustad NZ13-25 (PDD 103589); – Gisborne, Te Urewara National Park, Trail to 
Lake Wakareiti, 12 May 2013, V.P. Hustad NZ13-19 (PDD 103583); – Stewart Island, Near 
Glory Bay jetty, 30 Apr 2002, P.R. Johnston, S. Whitton, R. Leschen s.n. (PDD 103477); – 
Subantarctic Auckland Islands, Adams Island, Fairchild Garden, 50º 50’ 14.9” S, 165º 5’ 20.6” 
E, 22 Mar 2006, G.A. Laursen 19013 (WTU-F 32753); 
Notes: The only species that this species could be confused with is Geoglossum simile. The 
paraphyses are similar to that species, but in G. similoides, only the terminal cells are found in 
two-celled segments resembling didymospores, whereas in G. simile the paraphyses often end in 
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a series of such segments. Furthermore, the ascoma are significantly smaller in G. similoides 
than in G. simile collections from the Northern Hemisphere. 
 
Geoglossum starbaeckii Nannf., Arkiv för Botanik 30A(4): 41 (1942) 
Description: Ascomata solitary to gregarious, up to 5 cm in height, dusky brown to black; fertile 
hymenium lanceolate, compressed, up to 5 mm wide at widest part, occupying the upper one-
third to two-fifths of the asoma; stipe dark brown to black, slender, distinctly alveolate with 
small tufts of paraphyses. Asci cylindrical to clavate, 180–210 × 10–18 µm, 8-spored with the 
asospores in a single fascicle. Ascospores cylindral-clavate, light brownish, initially hyaline and 
aseptate, becoming colored and 7–9-septate with maturity, (50–)67–85(–100) × (4.5–)5–6(–6.5) 
µm. Paraphyses slender, brown, not agglutinated by amorphous material at the apex, narrow 
below, inflating slightly at the apex (up to 5µm). 
Habitat: In grassy forests and parks and forest meadows. 
Holotype: SWEDEN. Uppland, Knivsta, Ledinge, 20 August 1895, K. Starbäck 42 (S F66496). 
Distribution: Denmark (Bille-Hansen 1954; Ohenoja 2000), Falkland Islands (Watling & 
Eggeling 2014), Finland (Ohenoja 1995, 2000), France (Priou 1992), Iceland (Hallgrimsson 
1987; Ohenoja 2000), Norway (Nannfeldt 1942; Eckblad 1963; Jørgensen & Vevle 1968; Olsen 
1986; Ohenoja 2000), Sweden (Nannfeldt 1942; Hakelier 1964; Ohenoja 2000), United Kingdom 
(Dennis 1978). 
Specimens Examined: SWEDEN. Lule Lappmark, Jokkmokk Parrish, Koikul, 1 mile S of 
Vuollerim, 190 m elev., 7 Jul 1992, M. Karström 92112 (UPS:BOT:F-119268). UNITED 
KINGDOM. England, West Sussex, Middleton-on-Sea, 11 Elm Drive, 5 Dec 1991, DA Reid s.n. 
(ILLS ANM Acc 564). 
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Notes: This species can be easily confused with Geoglossum fallax and G. vleugelianum. In G. 
fallax, the apical cells of the paraphyses are distinctly inflated and often agglutinated. In G. 
vleugelianum, the ascospores are mostly less than 7-septate at maturity. 
 
Geoglossum turzae Hustad spec. nov. prov. 
Fig. 7.31 
Description: Ascomata black, glabrous, 3 to 8 cm in height; fertile hymenium not compressed, 
up to 5 mm wide, black; stipe thin, 1–2 mm wide at widest point, glabrous, slightly paler than 
hymenium. Asci clavate to cylindric-clavate, (173–)182–206(–240) × (16–)17–19(–22.5) µm, 8-
spored, ascus tip lightly J+ in Melzer’s. Ascospores brown, elongate-clavate, 7-septate, (77.5–
)83–91(–106) × (4.5–)5–6(–7.5) µm, straight to slightly curved. Paraphyses hyaline to 
subhyaline throughout, remotely septate below, closely septate and constricted at the septa 
above, slightly inflated above, up to 6 µm, hooked to circinate above. 
Habitat: On soil in mixed forest. 
Holotype: NEW ZEALAND. South Canterbury, Peel Forest Park, Fern Walk, 29 May 2013, V.P. 
Hustad NZ13-59 (PDD 103621). 
Distribution: New Zealand (this paper). 
Etymology: Named in honor of Stephanie Turza. 
Specimens Examined: NEW ZEALAND. Auckland, Manakau, Murphy’s Road, Murphy’s Bush, 
10 Jun 1999, C. Shirley CSAK 056 (PDD 81215); – 11 Jun 1999, C. Shirley CSAK 074 (PDD 
81183); – Gisborne, Te Urewera National Park, Waikareiti Track, 9 May 2001, E. Johannesen 
s.n.(PDD 73925); – Ruapani Track, 10 May 2001, E. Johannesen s.n. (PDD 74193); – South 
Canterbury, Peel Forest Park, Fern Walk, 29 May 2013, V.P. Hustad NZ13-59 (PDD 103621). 
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Notes: This species is remarkable for its massive size and curved multiseptate paraphyses. The 
paraphyses are reminiscent of Geoglossum fallax, but the ascomata in G. turzae are much larger 
and black. Geoglossum barlae is similar in size, but the paraphyses of that species are much less 
septate than in G. turzae. 
 
Geoglossum umbratile Sacc., Michelia 1(4): 444 (1878) 
= Clavaria nigrita Pers., Commentatio de Fungis Clavaeformibus: 78 (1797) 
≡ Geoglossum nigritum (Pers.: Fr.) Cooke, Mycographia I: 205 (1878) 
≡ Geoglossum peckianum f. umbratile (Sacc.) Massee, Annals of Botany (Oxford) 11: 251 (1897) 
= Mitrula partita (Pat.) Massee, Annals of Botany (Oxford) 11: 283 (1897) 
Description: Ascomata black, glabrous, lanceolate to cylindric, scattered to gregarious, up to 7 
cm in height; fertile hymenium compressed, black, glabrous, up to 10 mm wide at widest point, 
only slightly differentiated from the stipe, occupying the upper one-forth to one-half of the 
ascoma; stipe cylindric to terete, up to 5 mm wide at apex, usually black, but occasionally 
appearing lighter-colored due to thick stipe hyphae. Asci cylindric-clavate, (170–)183–208.5(–
225) × (17–)18.5–22(–25) µm, 8-spored, the ascospores borne in a single fascicle, ascus tip J+ in 
Melzer’s. Ascospores cylindric-clavate, brown, straight to slightly curved, (56–)74–91(–102) × 
(5.5–)6.5–7(–7.5) µm. Paraphyses straight, filiform, hyaline below, subhyaline to light brown 
above, sparsely septate, slightly constricted at the septa, curved to slightly hooked at the apex, 
only slightly inflated at the apex, not agglutinated, slightly longer than the asci. 
Habitat: On wet soil in forests, often associated with moss. 
Holotype: Italy, Padua, in grass near the Botanic Garden, Oct 1878, Bizzozero (in PAD). 
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Distribution: Argentina (Hladki & Romero 2004 – as G. nigritum var. nigritum), Australia 
(Massee 1897 – as G. glabrum forma difforme; Spooner 1987), Austria (Massee 1897 – as G. 
glabrum forma difforme), Belgium (Massee 1897 – as G. glabrum forma difforme ), Bermuda 
(Seaver 1915 – as G. nigritum; Waterston et al. 1945 – as Geoglossum nigritum), Canada (Grund 
& Harrison 1967; Voitk 2013), China (Zhuang 1998), Denmark (Ohenoja 2000), Finland 
(Massee 1897 – as G. glabrum forma difforme; Ohenoja 1995, 2000), France (Priou 1992; 
Moingeon & Moingeon 2003), Germany (Cooke 1878 – as G. nigritum; Massee 1897 – as G. 
glabrum forma difforme; Benkert 1976), India (Maas Geesteranus 1965; Thind & Singh 1965 – 
as G. nigritum), Ireland (Massee 1897 – as G. glabrum forma difforme), Italy (Massee 1897 – as 
G. glabrum forma difforme ), Japan (Imai 1941), Macaronesia (Korf 1981), Mexico (Medel et al. 
1999 – as G. nigritum), The Netherlands (Maas Geesteranus 1964b – as G. nigritum; Roobeek 
2009), Norway (Nannfeldt 1942 – as G. nigritum; Eckblad 1963 – as G. nigritum; Jørgensen & 
Vevle 1968 – as G. nigritum; Olsen 1986; Ohenoja 2000), Russia (Raitviir 1971), Slovakia 
(Kučera & Lizon 2012), Sweden (Massee 1897 – as G. glabrum forma difforme; Nannfeldt 1942 
– as G. nigritum; Hakelier 1964 – as G. nigritum; Ohenoja 2000), Switzerland (Rahm 1966 – as 
G. nigritum; Breitenbach & Kränzlin 1984), Thailand (Schumacher 1982), United Kingdom 
(Massee 1897 – as G. glabrum forma difforme; Dennis 1978), USA (Durand 1908 – as G. 
nigritum; Mains 1954 – as G. nigritum). 
Specimens Examined: THE NETHERLANDS. Noord-Holland, Bergen, C.F. Roobeek 251108-B 
(ILLS 61040); UNITED KINGDOM. England, E.W. Brown s.n. (K(M): 64699); – Scotland, 
Skye, Road south of Loch Na Squabaidh, 57.22815ºN, 6.039301ºW, 17 Oct 2011, V.P. Hustad 
ANM 2500 (ILLS s.n.); – UNITED STATES. Tennessee, Cocke County, Great Smoky 
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Mountains National Park, near Cosby, Madon Bald Trail, 35º 45’ 42.1” N, 83º 16’ 15.7” W, 549 
to 914 m elev., 21 Oct 2009, V.P. Hustad ANM 2312 (ILLS s.n.); 
Notes: Persoon’s Clavaria nigrita, the basionym for Geoglossum nigritum, was described as 
having a “fistulose” ascoma. This character is not present in Geoglossum and Persoon was most 
likely referring to a basidiomycete member of the genus Clavaria. Maas Geesteranus (1964a) 
examined Cooke’s material of Geoglossum nigritum and found it to be conspecific with 
Saccardo’s Geoglossum umbratile. Geoglossum difforme sensu Cooke (1875), Massee (1895, 
1897), and Rehm (1896) belongs here. 
 
Geoglossum vleugelianum Nannf., Arkiv för Botanik 30A(4): 43 (1942) 
Fig. 7.32 
Description: Ascomata solitary to scattered, dark brown to black, gracile, up to 6 cm in height; 
fertile hymenium lanceolate, compressed, up to 1 cm wide at widest point, somewhat distinct 
from the stipe, occupying one-fourth to one-third of the total length of the ascoma; stipe 
relatively thick, black, up to 3 mm thick at the apex, alveolate above with distinct tufts of 
paraphyses which (acc. lit.) are commonly shed with age, smooth below. Asci narrowly clavate, 
(120)130–155(–165) x (12–)14–16(–18) µm, 8-spored, ascospores multiseriate in the ascus. 
Ascospores cylindrical-clavate, slightly curved, at first colorless and single-celled, becoming 
brown and 5–7 septate (40–)50–65(–79) x (4–)5-6(–6.5) µm. Paraphyses straight or slightly 
curved, colorless below, becoming slightly colored above, sparsely septate, cylindric, inflated at 
the apex up to 8 µm in diameter. 
Habitat: In grassy areas in forests and on wet ground. 
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Holotype: SWEDEN. Västerbotten, Umeå, grassy spots in coniferous wood, 20 Sep 1902, J. 
Vleugel s.n. (S F11235). 
Distribution: Finland (Eckblad 1963; Ohenoja 2000), France (Priou 1992), Norway (Eckblad 
1963; Olsen 1986), Sweden (Nannfeldt 1942; Hakelier 1964; Ohenoja 2000). 
Specimens Examined: CZECH REPUBLIC. Liberec, Hamrstejn, deciduous forest, Eastern slope, 
13 Sep 2010, J. Gaisler s.n. (ILLS ANM Acc 488); – 25 Aug 2010, J. Gaisler s.n. (ILLS ANM 
Acc 502); FRANCE. Basse-Normandie, Manche, Granville, Grande-Île, 21 Dec 1992, Reaudin 
92142; UNITED KINGDOM. England, Dunsop Valley, Forest of Bowland, 13 October 1996, 
Irene Ridge s.n. (ILLS ANM Acc 445). 
Notes: This species has a similar morphology to Geoglossum fallax and G. starbaeckii. It is 
distinguished from G. fallax by its black ascomata and smaller, fewer septate ascospores. The 
ascospores of G. starbaeckii are more than 7-septate at maturity. 
 
Validly published names of Geoglossum, not covered elsewhere in this monograph: 
 
Geoglossum aeruginosum Kunze & Schmidt, Mykologische Hefte I: 104 (1817)  
This species, described by Kunze as a subspecies of Geoglossum viride Pers., should now be 
considered under Microglossum viride. 
 
Geoglossum album A.E. Johnson, Bulletin of the Minnesota Academy of Natural Sciences 1: 341 
(1878) 
This species was transferred by Saccardo (1889) to Mitrula johnsonii Sacc. 
 
156 
Geoglossum argillaceum (Pers.) Fries, Observationes Mycologicae II: 295 (1818) 
Described as yellowish with a yellow stem, this species is now regarded as Clavaria arillacea 
Pers. 
 
Geoglossum argillaceum var. montanum Fries, Observationes Mycologicae II: 296 (1818) 
Described as a subspecies of Geoglossum argillaceum differing in habitat (on damp ground, at 
the base of mountains), currently regarded as Clavaria argillacea. 
 
Geoglossum atrovirens Kunze & Schmidt, Mykologische Hefte I:104 (1817) 
As with Geoglossum aeruginosum mentioned above, this species was described as a subspecies 
of Geoglossum viride and should be considered as a synonym of Microglossum viride. 
 
Geoglossum berteroi (Mont.) Colenso, Transactions and Proceedings of the New Zealand 
Botanical Institute 19: 304 (1887) [1886] 
≡ Mitrula berteroi Mont., Annales des Sciences Naturelles Botanique 2(3): 351 (1835) 
≡ Anthracophyllum berteroi (Mont.) Singer [as ‘berterii’], Lilloa 22: 206 (1951) [1949] 
≡ Corynetes berteroi (Mont.) S. Imai [as ‘berterii’], Science Reports of the Yokohama Natational 
University Section II 4:10 (1955) 
≡ Thuemenidium berteroi (Mont.) Gamundi, Kew Bulletin 31(3): 731 (1977) 
= Mitrula vinosa Berk., Botany of the Antarctic Voyage III. Flora Tasmanica II: 273 (1860) 
This species is most closely related to Thuemenidium atropurpureum, and will likely be placed 
in Microglossum following future molecular analysis. 
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Geoglossum bhutanicum Prasher & R. Sharma, Achievements and Prospects in Mycology and 
Plant Pathology: 17 (1997). 
This species was described from Bhutan by Prasher & Sharma (1997) and is currently only 
known from that country. It appears to be a unique species of Geoglossum based on the 
description, though I have not seen any specimens. The species is characterized by 14- and 16-
septate ascospores. 
 
Geoglossum bogoriense Henn. & E. Nyman, Monsunia 1: 36 (1899) 
≡ Cibalocoryne bogoriense (Henn. & E. Nyman) S. Imai, Botanical Magazine, Tokyo 56: 526 
(1942) [as “Cibarocoryne”] 
This species was described from a single collection made in Java in the 19th Century. I have been 
unable to locate the specimen through BO and it may be lost. At any rate, the ascospores are 
much larger than any new species described in this monograph. 
 
Geoglossum brunneipes S. Arauzo, A. Lebre, & M. Becerra, Errotari 11: 218 (2014) 
This species was recently described (Arauzo & Iglesias 2014) from Mediterranean Portugal and 
Spain. This species could really only be confused with the newly described G. aoteoroae, but the 
brown ascomata, the distinctly squamulose stipe, the paraphyses, ascospores sizes, and 
geographical distance between the collections of both species distinguish them from one another. 
I have not seen material of this species. 
 
Geoglossum carneum Schultz, Prodromus Florae Stargardensis: 496 (1806) 
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The description of this species provided by Shultz mentions the white flesh of the stipe, a 
character that would suggest that this species most likely belongs in Xylaria. Having not seen 
authentic material, I am reluctant to make any formal taxonomic changes, but it seems like a 
dubious species. 
 
Geoglossum chamaecyparinum S. Arauzo, Errotari 11: 229 (2014) 
This species was recently described from a few collections in Spain, presumably associated with 
Chamaecyparis lawsoniana (Arauzo & Iglesias 2014). I have not seen material of this species, 
but it seems to be closely related to G. umbratile and other species of Geoglossum with sparsely 
septate and unagglutinated paraphyses. This species is supported phylogenetically as a member 
of the Geoglossum II clade. 
 
Geoglossum cucullatum (Batsch) Fr., Systema Mycologicum I: 233 (1828) 
≡ Helvella cucullata Batsch, Elenchus Fungorum: 189 (1786) 
≡ Helotium cucullatum (Batsch) J.F. Gmel, Systema Naturae II: 1442 (1792)  
≡ Mitrula cucullata (Batsch) Fr., Epicrisis Systematis Mycologici: 584 (1838) 
= Leotia mitrula var. pusilla Alb. & Schwein., Conspectus Fungorum: 295 (1805) 
≡ Leotia pusilla (Alb. & Schwein.) Nees, Das System der Pilze und Schwämme: 173 (1816) 
≡ Mitrula pusilla (Alb. & Schwiein.) Fr., Observationes Mycologicae II: 299 (1818) 
≡ Heyderia pusilla (Alb. & Schwein) Link, Handbuck zur Erkennung III: 312 (1833) 
= Heyderia abietis (Fr.) Link, Handbuck zur Erkennung III: 312 (1833) 
≡ Heyderia abietis var. pusilla (Alb. & Schwein.) T. Ulvinen, Annales Botanici Fennici 3: 436 
(1966) 
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= Heyderia cucullata (Batsch) Bacyk & Van Vooren, Bulletin Mensuel de la Société Linnéenne 
de Lyon 74: 42 (2005) 
This species is now correctly regarded as Heyderia cucullata, see Bacyk (2005) for details. 
 
Geoglossum diffusum Kützinger, Grundzüge der Philosophischen Botanik: Fig. 20 (1852) 
Kützinger does not include any description of this species, just some crude drawings that appear 
to illustrate a species of Microglossum. 
 
Geoglossum dunense Loizides, M. Carbone & P. Avarado, Mycological Progress 14: 3 (2015) 
This recently described species was suggested by ITS sequence analysis to be closely related to 
Geoglossum vleugelianum (Loizedes et al. 2015). While I have not seen material of this species 
and the sequences are not yet publicly available, I am confident that this is a unique and new 
species of Geoglossum based on the morphological description and figures provided and it does 
not conflict with any provisional new species in this dissertation. 
 
Geoglossum farinaceum Schweinitz, Schriften der Naturforschenden Gesellschaft zu Leipzig I:  
87 (1822) 
The description of this species fits in the genus Xylaria more closely than Geoglossum (mainly 
white with black patches developing over time). According to Underwood (1894), this species is 
doubtful as it was only collected once and is not well known. 
 
Geoglossum flavum Gillet, Les Discomycetes: 24 (1879) 
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This species was transferred by Saccardo (1889) to Leptoglossum flavum. As Leptoglossum is a 
homotypic synonym of the earlier named genus in Tricholomataceae, this technically remains a 
Geoglossum. However, the description is more appropriate for a species of Microglossum. 
 
Geoglossum fumosum (Peck) Lloyd, Mycological Writings V: 7 (1916) 
≡ Geoglossum luteum var. fumosum Peck, 43rd Report of the New York State Museum: 40 (1889) 
≡ Microglossum fumosum (Peck) E.J. Durand, Annales Mycologici 6(5): 408 (1908) 
Durand (1908) transferred this species to the genus Microglossum. 
 
Geoglossum geesterani S. Arauzo & A. Lebre, Errotari 11: 209 (2014) 
This species was recently described by Arauzo & Iglesias (2014) from Portuguese material. It 
appears to be closely related to G. barlae and G. subumbratile, though I have not seen material 
of this species. 
 
Geoglossum herbarum (Pers.) Gray, A Natural Arrangement of British Plants I: 659 (1821) 
≡ Clavaria herbarum Pers., Roemer’s Neues Magazin für die Botanik I: 118 (1794) 
≡ Sclerotium herbarum (Pers.) Nees, Das System der Pilze und Schwämme: 171 (1816) 
= Acrospermum compressum Tode, Fungi Mecklenburgensis Selecti I: 8 (1790) 
≡ Clavaria compressa (Tode) Purton, An Appendix to the Midland Flora: Fig. 3 (1821) 
This is no longer a Geoglossum, and it likely never should have been considered one. It is most 
likely a Clavaria. 
 
Geoglossum heuflerianum Bail, Österreichische Botanische Zeitschrift 10: 112 (1860) 
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This species was originally published without a description by Bail (1860) and validated by 
Saccardo (1889). Nannfeldt (1942) describes this species description as “too vague to make it 
identifiable” and considers it dubious. I too consider the species dubious, though Loizides et al. 
(2015) mentions this species as similar morphologically to G. dunense and include an ITS 
sequence of the species in their analysis. I have not seen a type specimen or any other evidence 
aside from the descriptions provided by Bail and Saccardo. 
 
Geoglossum irregulare Peck, Bulletin of the New York State Museum of Natural History 1(2): 28 
(1887) 
≡ Mitrula vitellina subsp. irregularis (Peck) Sacc., Sylloge Fungorum VIII: 36 (1889) 
≡ Mitrula irregularis (Peck) E.J. Durand, Annales Mycologici 6(4): 398 (1908) 
≡ Ascocorynium irregulare (Peck) S. Ito & S. Imai, Transactions of the Sapporo Natural History 
Society 13(2-3): 170 (1934) 
≡ Spragueola irregularis (Peck) Nannf., Arkiv för Botanik 30A(4): 572 (1942) 
≡ Neolecta irregularis (Peck) Korf & J.K. Rogers, Phytologia 21(4): 204 (1971) 
This species has been transferred to Neolecta by Korf (1971b). 
 
Geoglossum japonicum S. Imai, Journal of the Faculty of Agriculture, Hokkaido Imperial 
University 45: 210 (1941) 
This species has been widely reported from Asia (Bhutan (Prasher & Sharma 1997), India (Batra 
& Batra 1963 – as G. simile; Maas Geesteranus 1965; Sharma & Sidhu 1991; Prasher & Sharma 
1997), and Japan (Imai 1941)). Mains (1954) suggested that it may be a synonym of G. glabrum. 
Maas Geesteranum (1965) examined material from India and disagreed with Mains’ opinion. 
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Having not seen valid material of this species myself, I will refrain from passing judgment, 
however based on the description and habitat it seems likely to be closely related to G. 
starbaeckii. 
 
Geoglossum laccatum W.Y. Zhuang, Mycotaxon 63: 307 (1997) 
This species was described from China in Zhuang & Wang (1997) and included in Zhuang’s 
(1998) monograph of Chinese Geoglossaceae. The authors described it as morphologically 
similar to Geoglossum glutinosum, but differing in having curved to circinate paraphyses tips, 
similar to Glutinoglossum methvenii. The description differs from G. methvenii by having 
conspicuously larger ascospores (67-97 x 6-7 in G. laccatum vs (65–)69–76(–79) × (4–)5–6(–
6.5) µm in G. methvenii), and a conspicuously gelatinous outer surface of the hymenium. I have 
not seen authentic material of this species, but it almost certainly belongs in Glutinoglossum. 
 
Geoglossum luteum Peck, Report of the New York State Museum of Natural History 24: 94 
(1871) [1872] 
≡ Leptoglossum luteum (Peck) Sacc., Sylloge Fungorum VIII: 48 (1889) 
≡ Xanthoglossum luteum (Peck) Kuntze, Revisio Generum Plantarum II: 875 (1891). 
≡ Ochroglossum fumosum (Peck) S. Imai, Science Reports of the Yokohama National University, 
Section II 4: 7 (1955) 
This species likely belongs in the genus Microglossum based on the description. The ascomata 
are described as yellow and the ascospores are hyaline and curved without septations. 
 
Geoglossum microsporum Cooke & Peck, Report of the New York State Museum of Natural  
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History 25: 97 (1872) 
≡ Leptoglossum microsporum (Cooke & Peck) Sacc., Sylloge Fungorum VIII: 47 (1889) 
≡ Mitrula microspora (Cooke & Peck) Massee, British Fungus Flora IV: 483 (1895) 
The ascospore measurements are correct in Peck’s (1872) description, but incorrect in the 
descriptions provided by Cooke (1875) and Phillips (1887), according to Massee (1895). This 
species is currently considered Mitrula microspora. 
 
Geoglossum minutum (Sowerby) Gray, Natural Arrangement of British Plants I: 659 (1821) 
≡ Clavaria minuta Sowerby, Coloured Figures of English Fungi III: 173 (1803) 
≡ Mitrula minuta (Sowerby) Fr., Systema Mycologicum I: 492 (1821) 
= Typhula micans (Pers.) Berthier, Bulletin Mensuel de la Société Linnéenne de Lyon 43 (6): 186 
(1974) 
This species was transferred by Berthier (1974) to Typhula. 
 
Geoglossum mitrata (Holmsk.) Hook., Flora Scotia II: 30 (1821) 
≡ Clavaria mitrata Holmsk., Beata Ruris Otia Fungis Danicis I: 21 (1790) 
= Geoglossum viride (Holmsk.) Schumach, Enumerato Plantarum II: 407 (1803) 
= Geoglossum viride var. acuminata Schumach., Enumumerato Plantarum I: 408 (1803) 
= Geoglossum viride Pers., Roemer’s Neues Magazin für die Botanik 1: 117 (1794) 
= Leptoglossum viride (Pers.) W. Phillips, A Manual of British Discomycetes: 32 (1887) 
≡ Microglossum viride (Pers.) Gillet, Champignons de France, Discomycetes I: 25 (1879) 
This species was transferred by Gillet (1879) to Microglossum. 
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Geoglossum multiforme Henning, Öfversigt af Kongliga Svensk Vetenskaps-Akademiens 
Förhandlinger 42: 70 (1885) 
≡ Microglossum multiforme (Henning) Sacc., Sylloge Fungorum VIII: 40 (1889)  
≡ Thuemenidium multiforme (Henning) Kuntze, Revisio Generum Plantarum II: 873 (1891) 
≡ Mitrula multiforme (Henning) Massee, Annals of Botany (Oxford) 11: 280 (1897) 
= Microglossum multiforme f. capitata Sacc., Sylloge Fungorum VIII: 40 (1889) 
≡ Mitrula multiforme f. capitata (Sacc.) Massee, Annals of Botany (Oxford) 11: 280 (1897) 
= Microglossum multiforme f. clavata Sacc., Sylloge Fungorum VIII: 40 (1889) 
≡ Mitrula multiforme f. clavata (Sacc.) Massee, Annals of Botany (Oxford) 11: 280 (1897) 
= Microglossum multiforme f. pileata Sacc., Sylloge Fungorum VIII: 40 (1889) 
≡ Mitrula multiforme f. pileata (Sacc.) Massee, Annals of Botany (Oxford) 11: 280 (1897) 
This species is currently regarded as Mitrula multiforme (Henning) Massee. 
 
Geoglossum pumilum Winter, Grevillia 15: 91 (1887) 
= Geoglossum noumeanum Hariot & Patouillard, Journal de Botanique 17: 15 (1903) 
= Geoglossum pusillum Tai, Lloydia 7(2): 150 (1944) 
This species has been reported from Bermuda (Seaver 1915; Durand 1921; Waterston et al. 
1945), Brazil (Winter 1887), China (Tai 1944 – as G. pusillum; Zhuang 1998), India (Maas 
Geesteranus 1965; Prasher & Sharma 1997), Japan (Imai 1941), New Caledonia (Hariot & 
Patouillard 1903 – as G. noumeanum), and USA (Durand 1921; Mains 1954). Maas Geesteranus 
(1965) synonymized G. pusillum under G. pumilum. Spooner (1987) examined the type of G. 
noumeanum and synonymized it under this species. I have not seen material of this species, but 
Durand, Mains, and Maas Geesteranus all seemed to believe in it. To me, it seems very similar to 
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Geoglossum pygmaeum in ascoma size, habitat, and having 15-septate brown mature ascospores. 
It differs from that species only in having smaller ascospores. Without examining the type 
specimens of both species, it is impossible to know if they are conspecific. 
 
Geoglossum rugosum Lasch 
No trace of the type specimen can be found, and this species was never described. Massee (1897) 
considered this species a nomen nudem. 
 
Geoglossum sinense F.L. Tai, Sylloge Fungorum Sinicorum: 146 (1979) 
= Geoglossum elongatum F.L. Tai, Lloydia 7(2): 147 (1944) 
This species was described as growing on fallen leaves or twigs, a very peculiar habitat for 
Geoglossomycetes. Even if it is a good species, the habitat makes it extremely unlikely that any 
new species described above should be regarded as this species. 
 
Geoglossum scabripes P. Iglesias & S. Arauzo, Errotari 11: 215 (2014) 
This is a recently described species from Spain that appears morphologically very similar to G. 
simile. The authors of this species did include sequences of G. simile in their paper and this 
species was not conspecific. I have been unable to examine material of this species. 
 
Geoglossum tropicale Raitv., K.S. Thind & R. Sharma, Eesti NSV Teaduste Akademia 
Toimetised 34(3): 226 (1985) 
This species of Geoglossum was described as having ascospores up to 20-septate. It may be a 
good species, but I have been unable to acquire any specimens for study. 
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Geoglossum variabilisporum S. Arauzo, Errotari 11: 225 (2014) 
This species was recently (Arauzo & Iglesias 2014) described from two collections in Spain. I 
have not seen material, but it appears to be a good species. 
 
Glutinoglossum Hustad, A.N. Mill., Dentinger, & P.F. Cannon, Persoonia 31: 104 (2013) 
Ascomata single to scattered to gregarious, occasionally subcaespitose, 1–5 cm in height, often 
entirely viscid-gelatinous, usually entirely black, stipitate, with black fertile hymenium usually 
restricted to the upper third to upper half of the ascoma. Asci clavate to cylindrical, narrow and 
long with ascospores variously clustering in the apical portions of the ascus or throughout, apical 
pore J+ in Melzer’s. Ascospores cylindric to clavate, often slightly curved, slow-maturing, 
initially hyaline and aseptate, becoming variously septate and tan to brown with maturity. 
Paraphyses prominent, mostly straight, hyaline below becoming pale brown toward the apex, 
apical cells variously enlarged and sometimes embedded in a distinct hyaline to light brown 
gelatinous layer. 
Type species: Glutinoglossum glutinosum (Pers.) Hustad, A.N. Mill., Dentinger, & P.F. Cannon 
 
Glutinoglossum americanum Hustad & A.N. Mill., Mycologia 107(3): 3 (2015) 
Fig. 5.2 
Description: Ascocarps single, scattered or subcaespitose, cylindric-clavate, 1.5–4.5 cm in 
height, viscid, becoming gelatinous when wet; hymenium black, one third to one half the length 
of the ascocarp, cylindric-clavate to ellipsoidal, 2–6 mm wide at widest point; stipe cylindric-
terete, distinctly viscid; slightly paler than the hymenium. Asci clavate, (170–)182–220(–235) × 
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(12–)12.5–14.5(–15.5) µm (201.2 ± 18.9 × 13.6 ± 0.9 µm) in rehydrated material, 8-spored, with 
mature ascospores often clustering towards the apex, leaving the bottom 25–45% of the ascus 
base hyaline (Fig. 5.2A). Ascospores fusiform-clavate, (56.5–)61.5–69.5(–75) × (3.5–)4–4.5(–5) 
µm (65.6 ± 3.8 × 4 ± 0.4 µm), initially aseptate and hyaline, developing septations in a 1-, 3-, 7-
pattern, predominantly 7-septate and brown at maturity (Fig. 5.2B), although mature discharged 
spores with fewer septations have been observed. Paraphyses hyaline below, becoming dark 
brown at apex, tips pyriform to capitate, apical cells inflated (3.5–7.5 µm diam in rehydrated 
material), often embedded in a thin layer of brown, amorphous matter (Fig. 5.2C). 
Habitat: On soil usually among moss (often Thuidium) in mixed deciduous forest. 
Holotype: USA. Tennessee, Sevier Co., Great Smoky Mountains National Park, 5 miles east of 
Gatlinburg, Greenbrier, Trail to Whaley Cemetery, 35º 42’ 27.2” N, 83º 22’ 54.1” W, 549 m 
elev., 15 Aug 2009, ANM 2231 (ILLS 67352). 
Distribution: USA (Mains 1954, Hustad & Miller 2015a). 
Specimens Examined: USA. Michigan, Alger County, Rock River. Aug 1929, AHS s.n. (MICH 
s.n.); – Luce County, Newberry, on moss, 28 Aug 1923, EBM 33–256 (MICH s.n.); – Mackinac 
County, hardwoods North of Hessel, 15 Aug 1949, H Imshaug 3469 (MICH s.n.); – North 
Carolina, Haywood County, Great Smoky Mountains National Park, Cataloochee, Caldwell Fork 
Trail, on soil in mixed deciduous forest, 35º37’N, 83º6’W, 762 m elev., 14 Aug 2009, V.P. 
Hustad ANM 2177 (ILLS 64360); – Swain County, Great Smoky Mountains National Park, 
Smokemont, on soil in mixed deciduous forest, 35º33’N, 83º18’ W, 640 m elev., 16 Aug 2009, 
V.P. Hustad ANM 2247 (ILLS 64444). 
Notes: This species was covered extensively in Chapter 5 (Hustad and Miller 2015a). 
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Glutinoglossum australasicum Hustad & A.N. Mill., Mycologia 107(3): 4 (2015) 
Fig. 5.3 
Description: Ascocarps single to scattered, cylindric-clavate, viscid (although sometimes not 
distinctly), 2.5–5 cm tall; hymenium black, 2–4 mm wide at broadest point; stipe 1–2 mm wide 
at apex, slightly paler than hymenium in older specimens. Asci broad, clavate, (205–)208–256(–
276) × (17–)17.5–19.5(–20.5) µm (231.7 ± 22.4 × 18.4 ± 0.9 µm) in rehydrated material, 8-
spored, the ascospores found throughout the ascus, resulting in a very small hyaline base (Fig. 
5.3A). Ascospores initially hyaline though becoming brown with maturity, elongate-clavate, 
slightly curved, predominantly 7-septate, although occasionally 3-septate mature spores are 
present, (77–)80–92(–99) × (3.5–)4–5(–6) µm (86.1 ± 5.7 × 4.6 ± 0.5 µm) (Fig. 5.3B). 
Paraphyses filiform, sparsely septate above, apices clavate-cylindrical, slightly agglutinated at 
the tips by a brown gelatinous matter, enlarged at apex (3.5–6.5 µm diam in rehydrated material) 
(Fig. 5.3C). 
Habitat: Scattered to gregarious in rich humus and forest soil. 
Holotype: NEW ZEALAND. South Canterbury, Peel Forest Park, Fern Walk, 29 May 2013, 
VPH NZ13–61 (holotype PDD 103623; isotype ILLS 72403). 
Distribution: Australia (Spooner 1987), New Zealand (Hustad and Miller 2015a). 
Specimens Examined: AUSTRALIA. Macquarie Island, On wet moss/liverwort peat, beach 
ridge plateau, 25 Jan 1995, G.A.Laursen 6065 (WTU-F 24237); – G.A. Laursen 6069 (WTU-F 
24241); – East Half Moon Bay, above tussock grasses in wet hub field, among Achrophyllum 
dentatum, Clasmotocolea paucistipula, Lophocolea bidentata, 14 Feb 1995, G.A. Laursen 6352 
(WTU-F s.n.); – In a wet hub field, growing among Lophocolea, Megaceros, and Plagiochila, 5 
Feb 1995, G.A. Larusen 6183 (WTU-F 19902); NEW ZEALAND. Buller, Paparoa National 
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Park, Cave Creek Track, 26 May 2013, V.P. Hustad NZ13–48 (PDD 103610); – Inland Pack 
Track, 26 May 2013, V.P. Hustad NZ13–44 (PDD 103606); – Gisborne, Te Urewara National 
Park, Lake Whakamaroena, Waikareiti Track, 9 May 2001, E. Johannesen s.n., (PDD 73996); – 
Trail to Lake Wakareiti, 12 May 2013, V.P. Hustad NZ13–15 (PDD 103579); – Marlborough, 
Mt. Richmond Forest Park, Nydia Track, 31 May 2013, V.P, Hustad NZ13–69 (PDD 103631); – 
South Canterbury, Peel Forest Park, Fern Walk, 29 May 2013, V.P. Hustad NZ13–57 (PDD 
103619); – WESTLAND: Haast-Paringa Cattle Track, Northern Car Park, 27 May 2013, V.P. 
Hustad NZ13–51 (PDD 103613); – V.P. Hustad NZ13–52 (PDD 103614). 
Notes: This species was covered extensively in Chapter 5 (Hustad & Miller 2015a). 
 
Glutinoglossum exiguum Hustad & A.N. Mill., Mycologia 107(3): 6 (2015) 
Fig. 5.4 
Description: Ascocarps scattered, clavate-capitate, 2.5–3.5 cm, black, viscid or not when fresh, 
with prominent paraphyses extending from the hymenium, visible with a hand lens when fresh; 
hymenium black, extending one-fourth to one-third the total length of the fruiting body, 2–3 mm 
wide; stipe black, 1–1.5 mm wide at apex. Asci clavate-cylindrical, (165–)185–245(–261) × 
(13.5–)15–16(–17) µm (215.7 ± 25.9 × 15.3 ± 1 µm) in rehydrated material, ascospores 
occupying 75–85% of the ascus, resulting in a hyaline base (Fig. 5.4A). Ascospores initially 
hyaline, becoming brown in maturity, elongate-clavate, (74–)83–92(–95) × (3–)4–5(–5.5) µm 
(88.5 ± 4.2 × 4.5 ± 0.4 µm), 7-septate when mature (Fig. 5.4B). Paraphyses sparsely septate, 
hyaline below, brown above, distinctly pyriform-globose and inflated at the apex (4.6–7.1 µm 
diam in rehydrated material), embedded in a matrix of light brown gelatinous material (Fig. 
5.4C). 
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Habitat:  Single to scattered on moss in mixed deciduous forest. 
Holotype: NEW ZEALAND. Taupo, Whiranaki Forest Park, Whiranaki Waterfall Trail, on 
damp mossy embankment, 11 May 2013, V.P. Hustad NZ13–10 (holotype PDD 103574; isotype 
ILLS 72404). 
Distribution: Australia (Hustad and Miller 2015a), New Zealand (Hustad and Miller 2015a). 
Specimens Examined: AUSTRALIA. Macquarie Island, Handspike Corner Herb Field. In 
fibrous moist peat beneath Stilbocarpa. 20 Apr 1995, G.A. Laursen 7225 (WTU-F 23956); NEW 
ZEALAND. Buller, Paparoa National Park, Cave Creek Track. 26 May 2013, V.P. Hustad 
NZ13–49 (PDD 103611). 
Notes: This species was covered extensively in Chapter 5 (Hustad & Miller 2015a). 
 
Glutinoglossum glutinosum (Pers.) Hustad, A.N. Mill., Dentinger & P.F. Cannon, Persoonia 
31: 104 (2013) 
≡ Geoglossum glutinosum Pers., Observationes Mycologicae 1: 11 (1796) 
= Geoglossum glutinosum var. glutinosum Pers., Observationes Mycologici 1:11 (1796) 
= Geoglossum viscosum Pers., Commentatio de Fungis Clavaeformibus :39 (1797) 
= Geoglossum glutinosum Nees, Das System der Pilze und Schwämme: 172 (1816) (Nom. 
Illegit.) 
= Geoglossum glutinosum ß lubricum Pers., Mycologia Europaea I:197 (1822) 
= ?Geoglossum (Cibalocoryne) viscosulum Hazsl., Értek. Term. Köréb. 19:8 (1881) 
≡ Geoglossum viscosulum Sacc., Sylloge Fungorum VIII:43 (1889) 
≡ Gloeoglossum glutinosum (Pers.) Durand, Annales Mycologici 6:419 (1908) 
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≡ Cibalocoryne [as ‘Cibarocoryne’] glutinosa (Pers. ex Fr.) Imai, Botanical Magazine (Tokyo) 
56: 525 (1942) 
Fig. 3.5 
Description: Ascocarps single, scattered or caespitose, very viscid, becoming gelatinous when 
wet, clavate, 1.5–5.5 cm in height; hymenium black, one-third to one-half the length of the 
ascocarp, bilaterally compressed, clavate, cylindrical or ellipsoidal, 3–6 mm wide, sometimes 
with a vertical median groove; stipe dark brown to black, terete, glabrous, viscid, 2–3 mm wide 
at apex. Asci cylindrical to narrowly clavate, (175–)220–265(–290) × (10–)12–16(–18) µm (240 
± 18.2 × 13.6 ± 2.1 µm) in rehydrated material, 8-spored; the ascospores occupying the upper 
65–75% of the ascus, resulting in a hyaline ascus base. Ascospores fusiform-clavate, straight to 
slightly curved, (51–)59–65(–77) × (3.5–)4–5(–5.5) µm (62.8 ± 3.6 × 4.4 ± 0.5 µm), often 
aseptate when young, usually 3-septate when fully mature, although occasionally 1-, 5-, and 7-
septate mature ascospores are observed, initially hyaline, eventually becoming brown. 
Paraphyses sparsely septate, hyaline below, light to dark brown above, broadly obovoid to 
pyriform (4–11 µm diam in rehydrated material). 
Habitat: On soil in wet places and unfertilized grassland. This fungus is typically found 
associated with hardwoods in North America, whereas it is commonly encountered in pastures 
and dune slacks in Europe. In India, it has been reported from soil in oak forests or among 
mosses on stony slopes at an altitude of 2000 m (Maas Geesteranus 1965). 
Holotype: Europe, Persoon, Lugd. Bat. no. 910.261-767 (L 0110938). 
Distribution: Australia (Massee 1897; Spooner 1987; www.gbif.org), Austria (Massee 1897), 
Belgium (Massee 1897), Bermuda (Waterston et al. 1945), Bhutan (Prasher & Sharma 1997), 
Bulgaria (Hinkova & Stoichev 1983), Canada (Durand 1908; Grund & Harrison 1967; Voitk 
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2013), China (Zhuang 1998), Czech Republic (Velenovsky 1934; Hustad et al. 2013), Denmark 
(Ohenoja 2000; www.gbif.org), Finland (Massee 1897; Ohenoja 1995, 2000; www.gbif.org), 
France (Massee 1897; Moingeon & Moingeon 2003), Germany (Massee 1897; Benkert 1976; 
www.gbif.org), Greece (Zervakis et al. 2002), India (Maas Geesteranus 1965; Prasher and 
Sharma 1997), Ireland (Mitchel 2006; www.gbif.org), Japan (Imai 1941 – as Gloeoglossum 
glutinosum), Macaronesia (Korf 1981; Spooner 1987), Mexico (Medel et al. 1999; Ramirez-
Lopez and Rios 2007), Morocco (El Kholfy et al. 2014), Philippines (Baker 1914), The 
Netherlands (Maas Geesteranus 1964b; Hustad et al. 2013), New Zealand (Shirley 2004, 
www.gbif.org), Norway (Olsen 1986; Ohenoja 2000; www.gbif.org), Portugal (Massee 1897), 
Slovakia (Kučera & Lizon 2012), Spain (Arauzo & Iglesias 2014), Sweden (Massee 1897; 
Nannfeldt 1942; Hakelier 1964; www.gbif.org), Switzerland (Massee 1897), United Kingdom 
(Phillips 1887; Massee 1897; Dennis 1978; Hustad et al. 2013; www.gbif.org), USA (Mains 
1954; Hustad et al. 2013).  
Specimens Examined: CZECH REPUBLIC. Central Bohemia, Mladá Boleslav, Baba u 
Kosmonos, deciduous forest, south slope, 30 Oct 2010, J. Gaisler s.n. (ILLS 64443); – Liberec, 
Hamrtejn, deciduous forest, South slope, 25 Aug 2010, J. Gaisler s.n. (ILLS 64451); – Jablonné 
v Podjetědí, in grass and moss, 20 Oct 2010, Z. Egertová s.n. (ILLS 64453); – Rasovka, mowed 
meadow, southeast slope, 4 Oct 2010, J. Gaisler s.n. (ILLS 67353); THE NETHERLANDS. 
North Holland, Bergen, on slaperdijk, N52º43’, E4º39’, 24 Nov 2008, C.F. Roobeek 241108-D 
(ILLS 64449); UNITED KINGDOM. England, Lancashire, Clitheroe, Billington, Whalley Old 
Road, Moonside Cottage, on acid, mossy soil, N53º48’,W2º25’, 12 Oct 1996, I. Ridge s.n. (ILLS 
64450); – Scotland, Skye, Glen Eynort, in short grass along roadway, N57º15’, W6º20’, 17 Oct 
2011, V.P. Hustad ANM 2498 (ILLS 72217); – Sleat, Tokavaig, in short grass along roadway 
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N57º7’,W5º58’, 16 Oct 2011, V.P. Hustad ANM 2485 (ILLS 64447); – Talisker Beach, in 
sheep-grazed grass, N57º16’,W6º27’, 21 Oct 2011, V.P. Hustad ANM 2529 (ILLS 64448); – 
Wales, Trefor, on short grass and moss, N52º59’,W4º26’, 9 Oct 2011, V.P. Hustad ANM 2456 
(ILLS 64445); – Snowdonia National Park, in sheep-grazed grass and moss, N53º4’,W4º4’, 13 
Oct 2011, V.P. Hustad ANM 2476 (ILLS 64446); UNITED STATES. New Hampshire, Coos 
County, Randolph, 19 Aug 1938, EBM 4207 (MICH). 
Notes: This species was covered extensively in Chapters 3 and 5 (Hustad et al. 2013, Hustad & 
Miller 2015a). 
 
Glutinoglossum heptaseptatum Hustad, A.N. Miller, Dentinger & P.F. Cannon, Persoonia 31: 
105 (2013) 
Fig. 3.6 
Description: Ascocarps single or scattered, viscid, 2–4.5 cm tall; hymenium black, viscid, one-
fourth to one-third the length of the ascocarp, 3–6 mm wide; stipe dark brown, terete, viscid. 
Asci clavate, 170–205 × 18–22 µm (190.9 ± 12.6 × 19.8 ± 1.1 µm) in rehydrated material, 8-
spored, the ascospores occupying the upper 60–75% of the ascus, resulting in a hyaline ascus 
base. Ascospores initially hyaline, brown at maturity, (59–)61–70(–74) × (3.5–)4–5.5(–6.5) µm 
(65.9 ± 4.8 × 4.8 ± 0.6 µm), predominantly 7-septate at maturity. Paraphyses sparsely septate, 
hyaline below, light brown above, embedded in a light brown gelatinous matrix, slightly inflated 
obovoid to pyriform at the apex (4–8 µm diam in rehydrated material). 
Habitat: On soil in wet places. 
Holotype: CZECH REPUBLIC. Betlem, moist pasture with moss, 20 Oct 2010, J. Gaisler s.n. 
(ILLS 63754). 
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Distribution: Czech Republic (Hustad et al. 2013). NORTH AMERICA: USA, Minnesota 
(Waldrop et al. 2006). 
Specimens Examined: CZECH REPUBLIC. Hradec Králové , Betlem, 12 km north of Liberec, 
Protected Landscape Area Jizerske hory (Jizera Mountains), Grassland Research Station Liberec, 
50º50’N, 15º5’W. Moist pasture with Festuca rubra, Agrostis capillaris, Cirsium palustre, and 
moss, Oct 2009, J. Gaisler s.n. (K(M): 165359). 
Notes: This species was covered extensively in Chapter 5 (Hustad & Miller 2015a). 
 
Glutinoglossum methvenii Hustad & A.N. Mill., Mycologia 107(3): 9 (2015) 
Fig. 5.5 
Description: Ascocarps scattered to gregarious on damp soil or fallen deciduous wood, 3–4.5 cm 
tall, viscid-gelatinous when wet, black; hymenium black, one-fourth to one-third the length of 
the ascocarp although not well differentiated from the stipe, bilaterally compressed, clavate to 
spathulate, 3–5 mm wide; stipe black, terete, viscid, 1–2 mm wide. Asci cylindric-clavate, (218–
)227–254(–273) × (15.5–)16–17(–18) µm (242.9 ± 11.2 × 16.7 ± 0.5 µm) in rehydrated material, 
with a long hyaline base occupying nearly 50% of the total length of the ascus when mature (Fig. 
5.5A). Ascospores initially hyaline, brown when mature, elongate-clavate, (65–)69–76(–79) × 
(4–)5–6(–6.5) µm (72.7 ± 3.7 × 5.7 ± 0.4 µm), the majority 3-septate (Fig. 5.5B), though 
occasional 7-septate mature spores were noticed. Paraphyses sparsely septate, occasionally 
curved to slightly hooked at the apex; slightly inflated at the apex (3.5–8 µm diam in rehydrated 
material), occasionally covered with brown gelatinous matter (Fig. 5.5C). 
Habitat: On moss and on dead deciduous logs in mixed deciduous forest. 
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Holotype: NEW ZEALAND. Marlborough, Mt. Richmond Forest Park, Nydia Track, on mossy 
embankment in mixed deciduous forest, 31 May 2013, V.P. Hustad NZ13–67 (holotype PDD 
103629; isotype ILLS 72405). 
Distribution: Australia (Spooner 1987), New Zealand (Hustad & Miller 2015a). 
Specimens Examined: NEW ZEALAND. Bay of Plenty, Whinray Scenic Reserve, Motu Falls 
Trail. Terrestrial on damp soil, 16 May 2013, V.P. Hustad NZ13–33 (PDD 103597); – Buller, 
Greymouth, Point Elizabeth Track. On fallen log, 24 May 2013, V.P. Hustad NZ 13–41 (PDD 
103603); – V.P. Hustad NZ13–42 (PDD 103604); Paparoa National Park, Inland Pack Track. On 
soil, 26 May 2013, V.P. Hustad NZ13–45 (PDD 103607). 
Notes: This species was covered extensively in Chapter 5 (Hustad & Miller 2015a). 
 
Hemileucoglossum S. Arauzo, Errotari 11: 176 (2014) 
Ascomata single to scattered to gregarious on soil or deciduous wood, 1–6 cm in height, dry to 
viscid, clavate to lanceolate, black or brownish-black; hymenium black, restricted to the upper 
quarter to upper half of the ascoma, smooth to alveolate (especially upon drying) and 
occasionally white-pulverulent from discharged ascospores; stipe black, terete, 1-6 mm thick at 
the apex. Asci clavate, inoperculate, 8-spored, bi- or multiseriate, apical pore J+ in Melzer’s. 
Ascospores hyaline to subhyaline at maturity, cylindric-clavate, straight to curved, 1–15 septate 
at maturity, some species occasionally producing ascoconidia within the asci. Paraphyses 
filiform to slightly inflated at the apex, straight or curved, hyaline to dark brown at the apex and 
embedded in an epithecum of dense brown amorphous matter. 
Type species: Hemileucoglossum littorale (Rostr.) S. Arauzo 
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Key to species of Hemileucoglossum 
1. Ascospores predominantly 15-septate when mature, 60–85 × 4–5 µm; widespread in Northern 
Temperate regions                                                                            Hemileucoglossum alveolatum 
1. Ascospores not as above                                                                                                              2 
2. Ascospores mostly 7- or fewer septate when mature                                                                  3 
2. Ascospores 7- or more septate when mature                                                                               5 
3. Stipe distinctly viscid, apex of ascocarp capitate, Australia                                 H. warrenensis 
3. Stipe glabrous to alveolate                                                                                                           4 
4. Ascospores (38.5–)41–55(–62) µm                                                                          H. cohaerens 
4. Ascospores 50–65 × 5–6.5 µm                                                                                     H. littorale 
5. Ascospores 7–12 septate when mature, 55–75 × 5.5–6 µm                                 H. intermedium 
5. Ascospores 7–15 septate when mature, 95–115 × 5.5–7 µm, ascospores regularly producing 
ascoconidia while still in the ascus                                                                            H. australensis 
 
Hemileucoglossum alveolatum (E.J. Durand ex Rehm) S. Aurazo, Errotari 11:182 (2014) 
≡ Leptoglossum alveolatum E.J. Durand ex Rehm, Annales Mycologici 2: 32 (1904) 
≡ Geoglossum alveolatum (E.J. Durand ex Rehm) E.J. Durand, Annales Mycologici 6(5): 432 
(1908) 
= Mitrula alveolata E.J. Durand, nom. inval. (Art. 32.1a) 
= Leptoglossum microsporum (Cooke & Peck) var. ohiense Rehm, Annales Mycologici 2: 32 
(1904) 
Fig. 7.33 
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Description: Ascomata single to scattered, black, clavate, 15-50 mm tall; hymenium occupying 
the upper 30-50% of the ascoma, 3-4 mm wide at the widest point, glabrous when fresh, 
occasionally becoming pulverulent with discharged ascospores; stipe terete, 1-2 mm wide at 
apex, distinctly squamulose with tufted paraphyses on the stipe. Asci clavate, (140–)150-170(–
185) × (14–)16–18(–21) um, 8-spored, apex J+ in Melzer’s. Ascospores clavate-cylindrical, (50-
)60–80(–95) × 4-5(–5.5) um, remaining hyaline and 15-septate in maturity, though occasional 
pale brown spores have been noted in asci. Paraphyses hyaline to light brown, darker at the apex, 
straight or slightly curved at the apex, remotely septate, up to 4 um thick at the apex, strongly 
agglutinated at the apices with a dark brown amorphous matter, forming a conspicuous 
epithecum. 
Habitat: On soil and rotten logs. 
Holotype: USA. New York, Ontario County, Canandaigua, Tichenor’s Glen, on rotten log. 27 
Aug 1902. E.J. Durand 1686. (Holotype S F11254) (Isotype CUP-D-1686). 
Distribution: China (Zhuang 1998); Japan (Ito and Imai 1932, Imai 1941, Spooner 1987); Russia 
(Raitviir 1971); USA (Durand 1908, Mains 1954). 
Specimens Examined: USA. Michigan: Mackinac County, 18 August 1949. H.A. Imshaug 3640. 
MICH; Luce County, Newberry, 28 August 1933, Mains 33-528; Luce County, North Newberry, 
28 August 1933, Mains 33-530; Cheboygan County, Burt Lake, 4 August 1951, A.H. Smith 
37372; Michigan, Oakland County, Proud Lake, swampy area, 23 July 1949, E.G. Simmons 
2401; Michigan, Mackinac County, North of Hessell, 24 August 1949, H.A. Imshaug 3950. 
Notes: Two other names have been informally and incorrectly applied to this fungus. The type 
specimen of Leptoglossum alveolatum was a collection by E.J. Durand (Durand 1686), to which 
Durand gave the provisional name Mitrula alveolata. Another collection was sent to Rehm by 
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C.G. Lloyd (Lloyd 2270), which Rehm provisionally named Leptoglossum microsporum var 
ohiense. Neither name was ever formally proposed or accepted for this species. 
Durand states that the mature ascospores of this species are occasionally pigmented pale 
brown or fuliginous. Rehm in his original description did not mention this character, though 
Mains (1954) did notice pale brown spores in a few asci (not among the discharged ascospores) 
in some collections. We have also observed this character only among the spores remaining in 
the asci, though not in discharged ascospores. 
The distribution records of this species are more than likely inaccurate as our research 
demonstrates the presence of two species formerly considered Hemileucoglossum alveolatum. 
The ascospores of the Japanese specimens reported by Ito & Imai (1932) and Imai (1941) are 
consistent in size (50-105 × 5 µm) and septation (consistently 15-septate at maturity) with H. 
alveolatum, though the specimen from Japan examined by Spooner (1987) is more consistent 
with H. australensis in ascus size ((180–)190–210(–215) × 18–22 µm) and ascospore septation. 
The specimens examined by Raitviir (1971) from eastern Russia are consistent with H. 
alveolatum. 
 
Hemileucoglossum australensis Hustad sp. nov. prov. 
Fig 7.34 
Description: Ascomata scattered to gregarious, capitate, 15–40 mm in height, black; fertile 
hymenium black, up to 5 mm wide at apex, glabrous; stipe black, terete, up to 2 mm thick at the 
apex, alveolate. Asci clavate-cylindrical, (170–)180–220(–235) × (16.5–)18–21(23.3) µm, 8-
spored, the ascospores borne in a multiseriate fascicle, apical pore J+ in Melzers. Ascospores 
hyaline, curved to sinoid, (87–)90–115(–127.5) × 5–5.5–6.5(–7) µm, 3–14 septate at maturity. 
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Single-celled ascoconidia produced within the asci, 3–5 × 2–3 µm, brown, subglobose. 
Paraphyses straight to curved, hyaline below, dark brown above, longer than the asci, densely 
agglutinated by a brown amorphous material. 
Habitat: On damp soil. 
Provisional Holotype: NEW ZEALAND. Buller, Paparoa National Park, Cave Creek Track, on 
damp ground, 26 May 2013, V.P. Hustad NZ13-50 (PDD 103612). 
Distribution: New Zealand (this paper). 
Etymology: Native to Australasia. 
Specimens Examined: NEW ZEALAND. South Canterbury, Peel Forest Park, Fern Walk, on 
humus in the forest, 29 May 2013, V.P. Hustad, VPH NZ13-56 (PDD 103618); – on soil along 
track, 29 May 2013, VPH NZ13-59 (PDD 103622); – Gisborne, Urewara National Park, Lake 
Waikaremoana vic. Motor Camp, Black Beech Track, 22 May 1981, G.J. Samuels, P. R. 
Johnston, R. H. Petersen 13 (PDD 43879); – Waikato, Mt. Pirongia, track to Mahaukura, 20 Aug 
1980, G.J. Samuels, P.R. Johnston, M.E. Lanagan s.n. (PDD 41430); – (PDD 41431). 
Notes: The ascospores of this species commonly produce ascoconidia while still in the ascus 
(Figs. 7.37B and 7.37C). The spore sizes and size of ascocarps are almost identical to 
descriptions of Geoglossum alveolatum collected in Papua New Guinea by Kobayasi et al. 
(1973) and Otani (1975), and a collection from China by Zhuang (1998). The collection of G. 
alveolatum reported from India by Prasher and Sharma (1997) may also be this species. 
 
Hemileucoglossum cohaerens (E.J. Durand) Hustad, comb. nov. prov. 
≡ Geoglossum cohaerens E.J. Durand, Annales Mycologici 6(5): 430 (1908) 
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Description: Ascomata solitary to scattered, black, 2.5–4 cm in height; hymenium black, 
compressed, up to 4 mm wide at widest point, occupying the upper one-third to two-fifths of the 
ascoma; stipe black, terete, up to 2 mm wide at the apex. Asci clavate 130–145(–158) × 12–15 (–
18) um, 8-spored, J+ in Melzer’s. Ascospores clavate, straight to slightly curved, hyaline at 
maturity but becoming pale brown when overmature, commonly 0-3 septate, up to 7-septate 
when mature, (38.5–)41–55(–62) × 4–5 um. Paraphyses cylindrical, sparsely septate, hyaline to 
subhyaline below, conspicuously brown at the apex, slightly inflated at the apex up to 5 um 
thick, the apices agglutinated by a dense amorphous brown material into an epithecum. 
Habitat: On soil. 
Holotype: USA. New Jersey, Gloucester County, Newfield, on sandy soil, 6 Nov 1899, J.B. Ellis 
s.n. (CUP-D-02700(1-159). 
Distribution: The Netherlands (this paper), USA (Durand 1908, Mains 1954). 
Specimens Examined: THE NETHERLANDS. C.F. Roobeek 71100 (ILLS ANM Acc 374); 
USA. New Jersey, Gloucester County, Newfield, on sandy soil, 6 Nov 1899, J.B. Ellis s.n. 
(CUP-D-02700(1-159); – Michigan. Cheboygan County, 26 Jul 1962, M.V. Charlton G522 
(MICH s.n.). 
Notes: This diminutive species was described by Durand (1908) from a single collection in New 
Jersey. I have examined specimens from both the USA and The Netherlands and based on these 
it would appear that this species belongs in Hemileucoglossum. 
 
Hemileucoglossum mutabile Hustad sp. nov. prov. 
7.35 
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Description: Ascocarps scattered to solitary, black, clavate, 15-30 mm tall, 4 mm wide at widest 
point of hymenium, longitudinally grooved; stipe slender or robust, conspicuously hirsute when 
fresh, 1-2 mm thick. Paraphyses thin, sparsely septate, slightly enlarged at the apex, strongly 
agglutinated by brown amorphous matter near the tips. Ascospores slowly maturing, hyaline at 
maturity, filiform to elongate-clavate, occasionally curved, (85–)95–115(–127.5) × (5.2–)5.5–
6.5(–7.1) µm. Typically ranging in septation from 7-12 septate, some 15 septate spores present, 
but not predominant. Asci broadly clavate, (170–)181–220(–235) × (16.5–)18–21.5(–23) µm, 8-
spored, apical pore J+ in Melzer’s. Ascospores (66–)78–94(–102.5) × (4–)4.5–5.5(–6), hyaline, 
straight to curved, 7- to 14-septate at maturity. Paraphyses cylindrical, straight to slightly curved 
at the apex, sparsely septate, not consticted at the septa, inflated at the apex up to 4 µm in 
diameter, embedded in a dense brown amorphous material. 
Habitat: On forest soil. 
Provisional Holotype: SLOVAKIA. Spisské vrchy Mountains, Bijacovce, ca 2 km NNE from the 
village, mixed forest, wood detritus, 49º2’30.02” N, 20º 48’ 14.09” E, 748 m elev., 24 Oct 2007, 
V. Kučera s.n. (SAV 10530). 
Distribution: Slovakia (this paper). 
Etymology: From the Latin mutabilis referring to the variable septation of the ascospores. 
Specimen Examined: SLOVAKIA. Spisské Vrchy Mountains, Bijacovce, ca 2 km NNE from the 
village, mixed forest, wood detritus, 49º2’30.02” N, 20º 48’ 14.09” E, 748 m elev., 24 Oct 2007, 
V. Kučera s.n. (SAV 10530). 
Notes: This species was initially misidentified as H. alveolatum. It differs from that species in 
having ascospores showing a variety of septation, ranging from 7 to 14 septa at maturity. 
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Hemileucoglossum warrenensis Hustad sp. nov. prov. 
7.36 
Description: Ascomata scattered, black, capitate, 3–5 cm in height; hymenium distinctly capitate, 
glabrous, black, up to 5 mm wide at widest point; stipe black, viscid when fresh, terete, 3 mm 
wide at the apex. Asci cylindric-clavate, (126–)140–170(–195) × (10–)12–18(–21) µm, 8-spored, 
apical pore J+ in Melzer’s. Ascospores clavate, hyaline when mature, 7-septate, (73–)77–82(–93) 
× (5.5–)6–7.5(–8) µm. Paraphyses hyaline, cylindrical, sparsely septate, not constricted at the 
septa, slightly inflated at the apex up to 4 µm in diameter, embedded in a dense epithecum of 
brown material. 
Habitat: On soil, loam, grey sand in forest. Associated with Eucalyptus diversicolor, Eucalyptus 
patens, Corymbia calophylla, Agonis flexuosa. 
Provisional Holotype: AUSTRALIA. Western Australia, Shadforth, 1874 South Coast Highway, 
opposite Lights Rd., Grante Mound, 34°59’11.6”S, 117°17’9.1”E. On granite soil, associated 
with Eucalyptus diversicolor and Corymbia calophyla. 20 Jul 2013, S. MacMullin-Fisher SMF 
2746 (ILLS 73036). 
Distribution: Australia (this paper). 
Etymology: Refers to the Warren Bioregion of Western Australia to which this species appears 
to be endemic. 
Specimens Examined: AUSTRALIA. Western Australia, Shadforth, 3298 Heritage Rail Trail, 
west of McLeod Rd., 34°58’48”S, 117°14’3”E. On grey sand soil, associated with Eucalyptus 
diversicolor, Eucalyptus patens, and Agonis flexuousa. 22 Jul 2013, S. MacMullin-Fisher SMF 
2748, (ILLS 73035). 
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Notes: This species is distinguished from all other species of Hemileucoglossum by its 
geographical range and conspicuously glutinous stipe. Presently, this fungus appears to be 
endemic to the Warren biogeographical region in Southwestern Australia. The Warren bioregion, 
also known as the Karri Forest Region, is one of 89 recognized bioregions in Australia 
(Department of the Enivronment 2012) and is characterized by forests of the karri tree 
(Eucalyptus diversicolor). This region is home to a large number of endemic plants, including 28 
declared to be rare or endangered (Florabase 2014). 
 
Other species of Hemileucoglossum not discussed in this monograph: 
Hemileucoglossum intermedium (E.J. Durand) S. Arauzo, Errotari 11: 182 (2014) 
≡ Geoglossum intermedium E.J. Durand, Annales Mycologici 6(5): 431 (1908) 
This species was transferred to Hemileucoglossum by Arauzo & Iglesias (2014). I have not seen 
material of this species. 
 
Hemileucoglossum littorale (Rostr.) S. Arauzo, Errotari 11: 177 (2014) 
≡ Geoglossum littorale (Rostr.) Nannf., Arkiv för Botanik 30A: 34 (1942) 
≡ Leptoglossum littorale Rostr., Botanisk Tidsskrift 18: 76 (1892) 
Transferred to Hemileucoglossum by Arauzo & Iglesias (2014), this species is the type of the 
genus. I have examined and sequenced material from Sweden and Denmark, but my sequences 
do not match those of Arauzo & Iglesias (2014). Their specimen is remarkable in that it 
produced ascosonidia within the asci, something that has never been reported before in this 
species. I doubt that their species is H. littorale, but I have not examined their material. 
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Leucoglossum S. Imai, Botanical Magazine, Tokyo 56: 524 (1942) 
Ascomata solitary or gregarious, clavate to subcylindrical, 1.4–4 cm in height, dark brown to 
black; hymenium one-third to one-half the total length of the asocarp, 0.3–0.7 cm wide at widest 
point, minutely hirsute; stipe terete to cylindrical, 2-4 mm thick at apex, minutely hirsute. Asci 
clavate to cylindrical, 8-spored; ascospores cylindrical to subfusiform, multiseriate, initially 
hyaline, becoming pale brown in maturity, 0–15 septate, occasionally producing conidia while 
inside the ascus; paraphyses pale brown, straight to curved, moderately septate, slightly enlarged 
at the apex. 
Type species: Leucoglossum durandii (Teng) S. Imai 
Distribution: China (Teng 1932, 1934; Tai 1944; Zhuang 1998), Germany (Benkert and Hardtke 
1988), Spain (Arauzo and Iglesias 2014), Russia (Fedosova & Kovalenko 2015), Thailand (this 
paper). 
Habitat: On moist soil in forests or grasslands. 
 
Key to species of Leucoglossum 
1. Mature ascospores 0–3 septate, terrestrial in grassland              L. leucosporum 
1. Mature ascospores 6–15 septate, terrestrial in forest               2 
2. Mature ascospores 6–15 septate            L. durandii 
2. Mature ascospores predominantly 15–septate              L. thailandicum 
 
Leucoglossum durandii (Teng) S. Imai, Botanical Magazine, Tokyo 56: 524 (1942) 
≡ Trichoglossum durandii Teng, Contributions from the Biological Laboratory of the Science 
Society of China, Botany 8: 52 (1932) 
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Description: Ascomata solitary or gregarious, clavate, 1.5-3 cm in height, flesh whitish though 
ascomata appearing dark due to numerous black setae; fertile hymenium lanceolate to elliptical, 
obtuse, longitudinally compressed, one-third to one-half the length of the fruitbody, 3 mm thick; 
stipe terete, 1-1.5 mm thick. Asci cylindric-clavate, narrowed toward both ends, (170-)190-215(-
230) × (14-)16-18 µm, 8-spored. Ascospores multiseriate in the ascus, cylindric, 6-15 septate, 
non-constricted, straight or slightly curved, initially hyaline, becoming brownish and 15-septate 
at maturity,(90-)95-110(-125) × 5-6 µm. Paraphyses cylindrical, slightly inflated at the apex, 
hyaline to pale brown. 
Habitat: On moist soil in woods. 
Holotype: China, Chekiang, Tien-mu-shan, Teng 1250 (in PE). 
Distribution: China (Teng 1934 – as T. durandii; Tai 1944 – as T. durandii), India (Patil & Patil 
1980). 
Specimens Examined: CHINA. Guizhou, Anshun, 1 Sep 1958, Q-M Ma 785 (HMAS 70090). 
Notes: The 15-septate ascospores and habitat in forest soil distinguish this species from other 
known species of Leucoglossum. Fedosova & Kovalenko (2014) provide the best account of this 
genus to date. 
 
Leucoglossum leucosporum (Benkert & Hardtke) S. Arauzo, Errotari 11: 186 (2014) 
≡ Trichoglossum leucosporum Benkert & Hardtke, Boletus 11: 1 (1988) 
Description: Ascomata gregarious, black, clavate, up to 4 cm in height, hirsute with very small 
setae not readily visible; fertile hymenium clavate, black, compressed, not distinct from the stipe, 
one-half the total length of the ascoma; stipe black, terete, slightly compressed, up to 2 mm in 
diameter at the apex. Asci clavate, (125–)155–160(–180) × (14.8–)16–17(–18.5) µm, 8-spored, 
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apical pore J+ in Melzer’s. Ascospores cylindrical, elongate-fusiform (31–)44–78(–153) × (3.5–
)4.6–5.5 µm, hyaline to brown, 0- to 3-septate at maturity. Paraphyses subhyaline to pale brown, 
straight to slightly hooked, not agglutinated, sparsely septate, not constricted at the septa, slightly 
inflated at the apices up to 6 µm. 
Habitat: Growing in grasslands 
Holotype: GERMANY. Sachsen, Chemnitz, Karl-Marx-Stadt, Reichenbach, Grundstück in 
Waldkirchen, 23 Oct 1983, H.-J. Hardtke (B 70 0015491). 
Distribution: Germany (Benkert & Hardtke 1988), Russia (Fedosova & Kovalenko 2015), Spain 
(Arauzo & Iglesias 2014). 
Specimens Examined: RUSSIA. Leningrad Region, Tosnensky District, near Ulyanovskoe 
Urban Settlement, River Tosna 59˚ 39.213’ N, 30˚49.017’ E, 15 Oct 2013, A.G. Fedosova (LE 
291891). 
Notes: This species is characterized by its habitat in grasslands as well as 0–3-septate ascospores. 
 
Leucoglossum thailandicum Hustad sp. nov. prov.  
Fig. 7.37 
Description: Ascomata minute, up to 2 cm in height, black, scattered; fertile hymenium capitate, 
lightly hirsute, stipe terete, black, lightly hirsute, up to 1 mm thick at the apex. Asci clavate, 
(189–)195–215(–238) × (18–)19.5–22(–23) µm, 8-spored, the ascospores borne in a single 
fascicle, tip J+ in Melzer’s. Ascospores brown, 15-septate at maturity, fusiform, straight to 
slightly curved, (120–)129–141(–146) × 4.5–6(–6.5) µm. Paraphyses cylindrical, hyaline below, 
becoming light brown to brown above, straight to circinate at the apex, embedded in a thin 
amorphous brown material. 
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Habitat: On soil. 
Provisional Holotype: THAILAND. Parathamikana, Pa Pha Deng Temple, on soil, August 2012, 
S.E. Zelski ThaiSEZ 041 (MFLU 12-0770). 
Distribution: Thailand (this paper). 
Etymology: Native to Thailand. 
Specimen Examined: THAILAND. Parathamikana, Pa Pha Deng Temple, on soil, August 2012, 
S.E. Zelski ThaiSEZ 041 (MFLU 12-0770). 
Notes: Unless I can find more of this material, I will likely refrain from describing this species as 
new. I have only a small amount of material in rather poor condition. 
 
Sabuloglossum Hustad, A.N. Mill., Dentinger, & P.F. Cannon, Persoonia 31: 105 (2013) 
Ascomata brownish black to black with fertile hymenium slightly darker than the stipe, 
hymenium strongly differentiated from stipe. Stipe often squamulose, terete. Paraphyses longer 
than asci, light to dark brown and somewhat inflated at the apex. Ascospores hyaline to pale 
yellowish and smooth, often 1-celled though occasionally becoming septate at maturity, straight 
or slightly curved with rounded ends, often multiguttulate. 
Type species: Sabuloglossum arenarium (Rostr.) Hustad, A.N. Mill., Dentinger, & P.F. Cannon 
 
Key to species of Sabuloglossum 
1. On sand around rivers and lakes, ascomata clavate paraphyses 3–4 µm wide at apex  
              S. arenarium 
1. In pastures, ascomata lanceolate, paraphyses 6–8 µm wide at apex       S. hakelieri 
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Sabuloglossum arenarium (Rostr.) Hustad, A.N. Mill., Dentinger, & P.F. Cannon, Persoonia 
31: 106 (2013) 
≡ Microglossum arenarium Rostr., Botanisk Tidsskrift 18: 76 (1892) 
≡ Mitrula arenaria (Rostr.) Massee, Annals of Botany (Oxford) 11(42): 283 (1897) 
≡ Corynetes arenarius (Rostr.) E.J. Durand, Annales Mycologici 6(4): 417 (1908) 
≡ Geoglossum arenarium (Rostr.) Lloyd, Mycological Notes 5: 8 (1916) 
≡ Thuemenidium arenarium (Rostr.) Korf in Petersen & Korf, Nordic Journal of Botany 2: 152 
(1982) 
= Leptoglossum latum Peck, Bulletin of the Torrey Botanical Club 22: 210 (1895) 
= Corynetes geoglossoides Eckblad, Nytt Magasin for Botanik. 10: 141 (1963) 
Fig. 3.7 
Description: Ascocarps brownish-black, fertile head slightly darker but not distinct from stalk, 
caespitose, broadly and irregularly clavate, 20–40 mm in height, 5–20 cm thick at apex. Asci 
narrowly clavate, 130–160 × 18–35 µm, 8-spored, apical pore J+ in Melzer’s reagent. 
Ascospores nearly cylindrical with rounded ends or slightly clavate, hyaline, becoming yellowish 
to light brown with age, aseptate, 27–37 × 3.5–5 µm. Paraphyses dark brown, becoming nearly 
opaque above, filiform, strongly curved above, occasionally straight, 3–4 µm thick at apex, not 
agglutinated.  
Habitat: On sand dunes and dune slacks, also in sandy soil alongside rivers and lakes. 
Holotype: East Greenland, 17 August 1890, C-F-70804 (ex. herb. Rostrup). 
Distribution: Japan (Imai 1941 – as Microglossum arenarium); Europe: Denmark (Rostrup 
1892b; Lind 1913), Finland (Ohenoja 1995; Ohenoja et al. 2010); Germany (Schade 1939), 
Greenland (Rostrup 1892a), Iceland (Hallgrimsson 1987), Netherlands (van Luyk 1919; Maas 
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Geesteranus 1964b; Roobeek 2009), Norway (Rostrup 1904; Imai 1940; Eckblad 1963), Sweden 
(Andersson 1950; Granquist 1950), United Kingdom (Ramsbottom 1926) and North America: 
Canada (Labrador and Newfoundland (Durand 1908; Ohenoja et al. 2010); Nova Scotia (Grund 
& Harrison 1967)), USA (Mains 1955).  
Notes: This species is covered extensively in Chapter 3 (Hustad et al. 2013). 
 
Sabuloglossum hakelieri Hustad comb. nov. prov. 
≡ Geoglossum hakelieri Nitare, Windahlia 12–13: 82 (1983) [1982] 
≡ Geoglossum fumosum Hakelier, Svensk Botanisk Tidskrift 61: 419 (1967) (Nom. illegit) 
Fig. 7.38 
Description: Ascomata clavate, up to 4.5 cm high. Fertile hymenium brown, as if impregnated by 
smoke, lanceolate, compressed, distinctly delimited from the stem. Stem terete, dark brown, 
densely squamulose. Asci clavate, 100-125 × 12-17 µm, apex rounded, 8-spored. Ascospores 30-
40 × 4.5-5.5 µm, clavate, hyaline to pale yellowish and aseptate, becoming pale brown and 1-3 
septate when overmature. Paraphyses numerous, filiform, rarely septate, subhyaline below, 
greyish brown above, apex slightly inflated, mostly somewhat curved and occasionally circinate 
at the tips.  
Habitat: Continuously grazed pasture in central Sweden. 
Holotype: SWEDEN. Västmanland, Viker parish, Älvhyttan, Venen, 11 Sep 1965, N. Hakelier 
s.n. (UPS:BOT:F-013937). 
Distribution: Denmark (Ohenoja 2000), Norway (Olsen 1986; Sivertsen et al. 1994), Sweden 
(Hakelier 1967; Nitare 1983; Ohenoja 2000). 
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Specimens Examined: SWEDEN. Dalarna, Lima Parrish, SÖmäs, 1 Sep 1990, L. Bratt s.n. 
(UPS:BOT:F-119215). 
Notes: This species was originally described by Hakelier (1967) as Geoglossum fumosum 
Hakelier. Hakelier’s name was illegitimate as it was found to be a younger homonym of G. 
fumosum (Peck) Lloyd (now considered a synonym of Microglossum fumosum (Peck) Durand), 
and a new name, G. hakelieri Nitare was proposed by Nitare (1983). This species is 
characterized by its growth habit in continuously grazed pasture and by its distinctive paraphyses 
and ascospores. It can be confused with Hemileucoglossum littorale, from which it is 
distinguishable by lack of dark amorphous material agglutinating the paraphyses and differences 
in habitat. Sabuloglossum hakelieri can be distinguished from Glutinoglossum species by the 
broad, clavate asci. Sabuloglossum hakelieri can be distinguished from S. arenarium by habitat 
and the width of the apices of the paraphyses. 
 
Trichoglossum Boud., Bulletin de la Société Mycologique de France 1: 110 (1885) 
Ascomata fleshy, upright, stipitate, clavate, hymenium restricted to the upper portion of the 
ascoma, black; asci clavate, containing 4-8 ascospores; ascospores fusiform to cylindrical to 
clavate, up to 15-septate, light- to dark-brown; paraphyses abundant, often dark at the tips, often 
inflated, curved to circinate, or otherwise remarkable at the tips. Both the stipe and the 
hymenium covered with brown thick-walled setae, longer than the asci and usually visible with a 
hand lens when fresh. 
Type species: Trichoglossum hirsutum (Pers.) Boud. 
 
Key to species of Trichoglossum 
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1. Asci 4-spored                    2 
1. Asci 8-spored                    3 
2. Ascospores 8-11 septate             T. velutipes 
2. Ascospores 15-septate        T. tetrasporum 
3. Ascospores 10- to 13-septate            T. variabile 
3. Ascospores otherwise                   4 
4. Ascospores 7-septate                   5 
4 Ascospores 15-septate                   6 
5. Ascomata lancelate, tropical and temperate, ascospores pointed at both ends   
                     T. octopartitum 
5. Ascomata distinctly spathulate, tropical, ascospores elongate-clavate           T. rasum 
6. Ascomata minute, up to 2 cm in height, Africa       T. beninensis 
6. Ascomata larger, up to 9 cm in height, worldwide          T. hirsutum 
 
Trichoglossum beninensis Hustad sp. nov. prov. 
Fig. 7.39 
Description: Ascomata minute, up to 2 cm in height, black, capitate; fertile hymenium black, 
capitate, up to 3 mm diam at widest point; stipe hirsute, terete, black, up to 1 mm thick at the 
apex. Asci cylindric-clavate, (194.5–)212–253.5(–312) × (11.5–)13.5–21(–24.5) µm, 8-spored, 
the ascospores borne in a single fascicle, ascus tip J+ in Melzer’s. Ascospores brown, fusiform, 
15-septate at maturity, (116–)133–155.5(173) × (4.5–)5.5–6.5(–7) µm, straight to slightly 
curved. Paraphyses light brown, narrow, up to 4 µm in diameter, not inflated at the apex, hooked 
to curved at the apex, shorter than the asci. 
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Habitat: On soil. 
Provisional Holotype: BENIN. Kota, 29 Aug 1997, A. De Kesel 2015 (BR5020074861746). 
Distribution: Benin (this paper). 
Etymology: Native to Benin. 
Specimens Examined: BENIN. Kota, 29 Aug 1997, A. De Kesel 2015 (BR5020074861746); – 
15 Sep 2001, A. De Kesel 3172 (BR502014982153). 
Notes: At present this species is represented by only two collections, both collected by De Kesel 
in Benin. This species is characterized by ascospore sizes and non-inflated hooked paraphyes. 
 
Trichoglossum hirsutum (Pers.: Fr.) Boud., Histoire et Classification des Discomycétes 
d’Europe: 86 (1907. 
= Clavaria simplex hirsuta, Schmidel Icones Plantarum II: t. 25, f. 1–19 (1793) 
≡ Geoglossum hirsutum Pers., Roemer’s Neues Magazin für die Botanik 1: 117 (1794) 
≡ Geoglossum hirsutum ß capitatum (Pers.) Pers., Synopsis Methodica Fungorum: 608 (1801) 
= Geoglossum capitatum Pers., Observationes Mycologicae I: 11 (1796) 
≡ Geoglossum hirsutum var. capitatum (Pers.) Gillet, Champignons de France (Discomycetes): 
24 (1879) 
≡ Trichoglossum hirsutum var. capitatum (Pers.) Boud., Histoire et Classification des 
Discomycétes d’Europe: 86 (1907) 
≡ Trichoglossum hirsutum f. capitatum (Pers.) S. Imai, Journal of the Faculty of Agriculture, 
Hokkaido Imperial University 45: 221 (1941) 
= Geoglossum hirsutum var. leotioides Cooke, Grevillea 8: 61 (1879) 
≡ Geoglossum hirsutum f. leotioides (Cooke) Massee, Annals of Botany (Oxford) 11: 244 (1897) 
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≡ Trichoglossum hirsutum f. leotiodes (Cooke) Dennis, Kew Bulletin 15: 293 (1961) 
= Geoglossum hirsutum f. braziliense Hennings, Hedwigia 34: 113 (1895) 
= Geoglossum hirsutum f. depauperatum Lloyd, Mycological Notes 49: 700 (1917) 
= Trichoglossum hirsutum f. depauperatum (Lloyd) S. Ito & S. Imai, Proceedings of the 
Japanese Association for the Advancement of Science 7: 148 (1932) 
= Trichoglossum gracile Patouillard, Bulletin Société Mycologique de France 25: 131 (1909) 
= Geoglossum thymiphilum Velen., Monographia Discomycetum Bohemiae I: 377 (1934) 
= Trichoglossum cheliense F.L. Tai, Lloydia 7(2): 153 (1944)  
= Trichoglossum longisporum F.L. Tai, Lloydia 7(2): 154 (1944) 
Fig. 7.40 
Description: Ascomata scattered to gregarious, black or dark brown, clavate to capitate, up to 9 
cm in height; fertile hymenium black, compressed, up to 7 mm wide at the widest part, densely 
hirsute, occupying the upper one-fourth to one-half the total length of the ascoma; stipe slender, 
hirsute, terete, up to 4 mm thick at the apex. Asci clavate, (160-)175-220(-290) × 18-22(-25) µm, 
8-spored, the ascospores borne in a single parallel fascicle. Ascospores dark brown, fusiform to 
elongate-clavate, (80-)110-160(-180) ×5-7 µm, 15-septate at maturity. Paraphyses brown, 
cylindric, moderately septate, curved to circinate at the apex, inflated at the apex up to 8 µm in 
diameter, longer than the asci. 
Habitat: On wood and in soil and humus, often in moss. 
Holotype: Europe. C.H. Persoon (in L) 
Distribution: Argentina (Hladki & Romero 2004 – as T. hirsutum var. longisporum), Australia 
(Massee 1897 – as G. hirsutum), Austria (Massee 1897 – as G. hirsutum), Belgium (Massee 
1897 – as G. hirsutum), Bermuda (Seaver 1915; Waterston et al. 1945), Brazil (Pereira & 
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Bezerra 2011), Cameroon (Douanla-Meli & Langer 2005), Canada (Durand 1908; Mains 1954; 
Grund & Harrison 1967; Voitk 2013), China (Teng 1934; Tai 1944 – as T. gracile; Zhuang 
1998), Denmark (Massee 1897 – as G. hirsutum; Ohenoja 2000), Finland (Massee 1897 – as G. 
hirsutum; Ohenoja 1995, 2000), France (Cooke 1875 – as G. hirsutum; Massee 1897 – as G. 
hirsutum; Durand 1908; Priou & Dechaume 2014), Germany (Cooke 1875 – as G. hirsutum; 
Massee 1897 – as G. hirsutum; Benkert 1976), India (Thind & Singh 1964; Maas Geesteranus 
1965; Patil & Patil 1980), Indonesia (Massee 1897 – as G. hirsutum; Rifai 1965), Ireland 
(Massee 1897 – as G. hirsutum), Italy (Massee 1897 – as G. hirsutum), Jamaica (Durand 1908), 
Macaronesia (Korf 1981), Japan (Imai 1941), Mauritius (Massee 1897 – as G. hirsutum), Mexico 
(Diaz-Barriga 1988; Medel et al. 1999), Morocco (El Kholfy et al. 2014), The Netherlands 
(Massee 1897 – as G. hirsutum; Maas Geesteranus 1964b; Roobeek 2009), New Caledonia 
(Patouillard 1909 – as T. gracile), New Zealand (Massee 1897 – as G. hirsutum; Spooner 1987), 
Norway (Imai 1940; Nannfeldt 1942; Eckblad 1963; Olsen 1986; Ohenoja 2000), Papua New 
Guinea (Kobayasi et al. 1973), Portugal ((Massee 1897 – as G. hirsutum; Arauzo & Iglesias 
2014), Russia (Durand 1908; Raitviir 1971), Sierra Leone (Dennis 1955), Slovakia (Kučera et al. 
2008), Spain (Arauzo & Iglesias 2014), Sweden (Durand 1908, Nannfeldt 1942; Hakelier 1964; 
Ohenoja 2000), Switzerland (Massee 1897 – as G. hirsutum; Rahm 1966; Breitenbach & 
Kränzlin 1984), Taiwan (Wu et al. 1996; Wang 2001), Thailand (Schumacher 1982), United 
Kingdom (Cooke 1875 – as G. hirsutum; Phillips 1887 – as G. hirsutum, Massee 1897 – as G. 
hirsutum, Durand 1908; Dennis 1978), USA (Burt 1899 – as G. hirsutum; Durand 1908; Mains 
1954). 
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Specimens Examined: Sixty-four, from Australia, Belgium, Canada, China, Costa Rica, Czech 
Republic, Denmark, Finland, France, Ireland, Italy, Germany, Mexico, New Zealand, Norway, 
Russia, Slovakia, Spain, Sweden, Switzerland, United Kingdom, and United States. 
Notes: Wichanský (1958) examined G. thymophilum and considered it a synonym of 
Trichoglossum hirsutum. Rifai (1965) considered T. cheliense a synonym of T. hirsutum. Mains 
(1954) reduced T. longisporum to a variety of T. hirsutum. I have seen material in MICH of T. 
hirsutum var. longisporum and I concur with this assessment based on the morphology. I was 
unable to get usable DNA from the MICH material, but it may be necessary to resurrect this 
species in the light of future molecular evidence. The ascospore lengths in T. hirsutum appear to 
be highly variable and the lower range of T. longisporum fit well within the range of T. hirsutum. 
 
Trichoglossum octopartitum Mains, American Journal of Botany 27(5): 322–326 (1940) 
Description: Ascomata scattered to gregarious, stipitate, clavate to capitate, 1.6–4 cm in height, 
2–4 mm wide at widest point of hymenium, covered with conspicuous setae visible with hand 
lens; stipe slender, 0.1–1.5 cm wide at apex; asci clavate (160–)170–200(–210) x (16.5–)18–20(–
21) µm, ascus tip J+ in Melzer’s, arising from croziers; ascospores filiform to slightly clavate, 
widest in the center, (95–)110–140(–150) x 5–6 µm, 7-septate, light brown; paraphyses sparsely 
septate, slightly longer than the asci; slightly swollen at the apex, curved to circinate. 
Habitat: On soil. 
Holotype: HONDURAS. San Agustin, El Cayo, on ground under oaks and pine, 7 Aug 1936, 
E.B. Mains 4097 (MICH 00014435). 
Distribution: Argentina (Gamundi 1979; Gamundi et al. 2004; Hladki & Romero 2004), China 
(Zhuang 1998), France (Priou & Dechaume 2014), Honduras (Mains 1940), India (Thind & 
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Singh 1964; Maas Geesteranus 1965), Pakistan (Maas Geesteranus 1965), Slovakia (Kučera et 
al. 2010), USA (Mains 1954). 
Specimens Examined: FRANCE. Autun, Saint-Léger-sous-Beuvray, La Grande-Verriére, 28 Oct 
2010, J.-P.Priou 10191 (ILLS 61046); – 17 Nov 2010, J.P. DeuChaume 10209 (ILLS ANM Acc 
467); HONDURAS. San Agustin, El Cayo, on ground under oaks and pine, 7 Aug 1936, E.B. 
Mains 4097 (MICH 00014435); USA, Illinois, Jackson County, Carbondale, Southern Illinois 
University, Campus Pond, 10 Aug 1981, W.J. Sundberg & R.E. Halling s.n. (ILLS ANM Acc 
677); – Tennessee, Sevier County, Great Smoky Mountains National Park, 5 miles east of 
Gatlinburg, Greenbrier, Trail to Whaley Cemetery, 35º 42‘ 27.2“ N, 83º 22‘ 54.1“ W, 549 m 
elev., 15 Aug 2009, V.P. Hustad, ANM 2227 (ILLS 67356). 
Notes: This species is characterized by 7-septate ascospores that are widest at the midpoint. It 
seems to be a widespread species, though I have examined several collections in New Zealand 
that were mislabelled as this species. 
 
Trichoglossum rasum Pat., Bulletin de la Société Mycologique de France 25: 130 (1909) 
= Trichoglossum hirsutum f. wrightii E.J. Durand, Annales Mycologici 6: 438 (1908) 
≡ Trichoglossum hirsutum var. wrightii (E.J. Durand) Saccardo, Sylloge Fungorum 22: 607 
(1913) 
≡ Trichoglossum wrightii (E.J. Durand) E.J. Durand, Mycologia 13: 187 (1921) 
Fig. 7.41 
Description: Ascomata scattered to gregarious to caespitose, stipitate, spathulate and strongly 
compressed, up to 10 cm in height; fertile hymenium broadly spathulate and strongly 
compressed, up to 2 cm wide at widest point, dark brown to black, densely setulose with small 
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setae barely visible with a hand lens, occupying up to 1/3 the total length of the ascoma; stipe 
terete, 2-5 cm in height, up to 5 mm wide at apex, densely setulose with small setae. Asci 
cylindric clavate, (220–)230–270(–290) x (19–)22.5–28(–30) µm, J+ apical pore in Melzer’s, 
arising from croziers. Ascospores fusiform, (100–)115–140(–150) x 6.5–7.5(–8) µm, slightly 
narrower at both ends, widest point off-center, dark brown, (6–)7–9(–10) septate. Paraphyses 
subhyaline below, pale brown towards the apex, remotely septate, 1.5–2.5 µm wide, slightly 
enlarged at apex up to 6 µm wide, curved to circinate at the apex, longer than the asci. 
Habitat: Terrestrial, often in sandy soil, pan-tropical. 
Holotype: NEW CALEDONIA. Mt. Koghis, on soil, LeRat 122 (in FH). 
Distribution: Bermuda (Seaver 1915 – as T. hirsutum var. wrightii; Durand 1921 – as T. wrightii; 
Waterston et al. 1945 – as T. wrightii), China (Teng 1934 – as T. wrightii; Zhuang 1998), Cuba 
(Durand 1921 – as T. hirsutum forma wrightii), India (Maas Geesteranus 1965; Patil & Patil 
1980 – as T. wrightii), New Caledonia (Patouillard 1909; Spooner 1987), Panama (Nannfeldt 
1942 – as T. wrightii) 
Specimens Examined: ECUADOR, 19 Jun – 4 Jul 1985, T. Laessoe 59600 (ILLS ANM Acc 
354); MALAYSIA, Panang, Muka Head, 23 Oct 1986, Adrian Newton s.n. (ILLS ANM Acc 
561); THAILAND, Chaing Mai Province, Trail at Mushroom Research Center, 19.11792º N, 
98.73395º E, 904 m elev., 10 July 2012, S.E. Zelski ThaiSEZ 075 (ILLS ANM Acc 589). 
Notes: The broadly spathulate nature of the ascomata, ascospore shape and variable septation, 
short setae, and pan-tropical distribution make this a very distinctive species of Trichoglossum. 
Nannfeldt (1942) and Mains (1954) supported the synonymization of T. wrightii under T. rasum. 
 
Trichoglossum tetrasporum Sinden & Fitzp., Mycologia 22: 60 (1930) 
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= Trichoglossum tetrasporum var. brevisporum, F.L. Tai, Lloydia 7: 157 (1954) 
Description: Ascomata solitary, black, 3-8 cm in height, lanceolate to capitate; fertile hymenium 
elliptical to capitate, occupying less than one-fifth the total length of the ascoma; black, hirsute; 
distinct from the stipe; stipe terete, 1-2 mm thick at the apex, hirsute. Asci clavate, (165-)177-
215(-230) × (18-)20-25 µm, 4-spored, the ascospores borne in a single fascicle. Ascospores 
brown, cylindrical-clavate to fusiform, 15-septate at maturity, (106-)114-155(-173) × 5.5-7 µm. 
Paraphyses light brown, cylindrical, moderately septate, slightly inflated at the apex up to 8 µm 
thick. 
Habitat: On soil. 
Holotype: USA. New York, Onondaga County, Apulia, Labrador Lake, 7 Apr 1905, H.M. 
Fitzpatrick (CUP-017779). 
Distribution: Brazil (Pereira & Bezerra 2011), Denmark (Ohenoja 2000), The Netherlands (Maas 
Geesteranus 1964b); Russia (Raitviir 1971), United Kingdom (Dennis 1978), USA (Sinden & 
Fitzpatrick 1930) 
Specimens Examined: ITALY. Sicily, Mellili, Mar 2007, Lantieri s.n. (K(M):160890); USA. 
Michigan, Marquette County, Canyon Lake, 8 Oct 1970, J. Ammirati s.n. (MICH s.n.). 
Notes: I initially doubted that this was truly a good species or just a malformed Trichoglossum 
hirsutum. I have seen two specimens of this species and now I am convinced that it is a good 
species based on its unique morphology. The collection date of April 7 is very strange for a 
Trichoglossum in New York. I have thus far been unable to get DNA from any specimens that I 
have seen as most have been too old for useful DNA. I will be looking for this species in the 
hopes of finding material of more recent provenance for molecular research. 
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Trichoglossum variabile (E.J. Durand) Nannfeldt, Arkiv för Botanik 30A(4): 64 (1942) 
≡ Trichoglossum hirsutum f. variabile E.J. Durand, Annales Mycologici 6(4): 437 (1908) 
≡ Trichoglossum hirsutum var. variabile (E.J. Durand) S. Imai, Journal of the Faculty of 
Agriculture, Hokkaido Imperial University 45: 222 (1941) 
Fig. 7.42 
Description: Ascomata scattered to gregarious, stipitate, clavate to sub-capitate, black, 2–4 cm in 
height. Fertile hymenium compressed, clavate to lanceolate, lack, setae not conspicuous (difficult 
to see with a hand lens), occupying the upper 1/3 to ½ of the ascoma, up to 5 mm wide at widest 
point; stipe clearly differentiated from fertile hymenium, cylindric to terete, 0.5–1.5 mm wide at 
widest point, densely setulose. Asci (190–)205–235(–247) × (19.5–)21–27(–29.5) µm, cylindric-
clavate, weakly J+ in Melzer’s, 8-spored, arising from croziers. Ascospores elongate-clavate to 
fusiform, (7–)9–12(–14) septate, multiseriate, (81–)100–120(–135) × (5–)5.5–7 µm, dark brown 
and early pigmented. Paraphyses filiform, dark brown, longer than the asci, remotely septate, 2–3 
µm in diameter toward the base, enlarged at the apex up to 8 µm, curved to moderately circinate 
at the apex. 
Habitat: In soil. 
Holotype: USA. New York, Oneida County, Knoxboro, 20 Aug 1904, H.S. Jackson (in D). 
Distribution: Chile (Gamundi 1979; Gamundi et al. 2004), China (Zhuang 1998), Denmark 
(Ohenoja 2000), France (Moingeon & Moingeon 2003; Priou & Dechaume 2014), Germany 
(Benkert 1976), India (Maas Geesteranus 1965; Thind & Singh 1965), Mexico (Diaz-Barriga 
1988; Medel et al. 1999), Panama (Mains 1954), Papua New Guinea (Kobayasi et al. 1973), 
Portugal (Arauzo & Iglesias 2014), Russia (Raitviir 1971), Slovakia (Kučera et al. 2008), Spain 
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(Arauzo & Iglesias 2014), Sweden (Nannfeldt 1942; Hakelier 1964; Ohenoja 2000), USA 
(Durand 1908 – as T. hirsutum f. variabile; Mains 1954). 
Specimens Examined: FRANCE. Rive du Ruisseu, Moulin du Perchot, Aug 1993, J-P. Priou s.n. 
(K(M): 59641); UNITED KINGDOM. Wales, Anglesea, Newborough Warren, 8 Aug 2003, C. 
Aron s.n. (K(M): 123752); UNITED STATES. Michigan, Marquette County, Huron Mountain 
Club, Trout Lake area, on sand along old logging road, 5 Aug 1968, N.J. Smith 1343 (MICH 
s.n.). 
Notes: This species is characterized by ascospores of variable septation, ranging from 8- to 14-
septate. It is very similar to T. hirsutum in other regards and is likely often misidentified as that 
species. 
 
Trichoglossum velutipes (Peck) Durand, Annales Mycologici 6(4): 434 (1908) 
= Geoglossum hirsutum var. americanum Cooke, Icones Fungorum 1: 3 (1875) 
≡ Trichoglossum americanum (Cooke) Sacc., Sylloge Fungorum 8: 46 (1889) 
≡ Geoglossum velutipes Pk., Report of the New York State Museum 28: 65 (1876)  
Description: Ascomata black, solitary to gregarious, occasionally caespitose, up to 10 cm in 
height; fertile hymenium up to 10 mm wide, black, slightly compressed, occupying the upper 
one-fifth to one-third the total length of the ascoma; stipe terete black, up to 3 mm thick at the 
apex, densely hirsute. Asci clavate, (163–)176.5–206(–217) × (15.5–)16–18 µm, 4-spored, the 
ascospores borne in a single fascicle, apical pore J+ in Melzer’s. Ascospores brown, fusiform, 8–
11(–15) septate at maturity, (101.5–)121–160(–170.5) × (5.5–)6–7(–7.5) µm at maturity. 
Paraphyses pale brown, remotely septate, slightly inflated at the apex, curved to hooked at the 
apex, longer than the asci. 
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Habitat: On soil, humus, or rotten wood. 
Holotype: USA. New York, Fulton County, Northville, C.H. Peck (in FH). 
Distribution: Canada (Mains 1954; Grund & Harrison 1967), China (Tai 1944; Zhuang 1998), 
France (Massee 1897 – as G. hirsutum forma americanum), Germany (Massee 1897 – as G. 
hirsutum forma americanum), Hungary (Massee 1897 – as G. hirsutum forma americanum), 
India (Thind & Singh 1964; Maas Geesteranus 1965), Jamaica (Mains 1954), Mexico (Diaz-
Barriga 1988; Medel et al. 1999), Pakistan (Maas Geesteranus 1965), Russia (Raitviir 1971), 
United Kingdom (Massee 1897 – as G. hirsutum forma americanum), USA (Cooke 1875 – as G. 
hirsutum var. americanum; Durand 1908; Mains 1954). 
Specimens Examined: 
Notes: Because Geoglossum hirsutum var. americanum was originally described as a variety, G. 
velutipes has nomenclatural priority in this species. Durand examined the original types of both 
Cooke’s and Peck’s material and considered Cooke’s species a synonym of Trichoglossum 
velutipes. 
 
Validly published species of Trichoglossum, not covered elsewhere in this monograph: 
 
Trichoglossum kunmingense F.L. Tai, Lloydia 7(2): 154 (1944) 
This species is described as having 7-septate ascospores that are mostly 117–123 × 6–8 µm. The 
ascospores are defined as distinctly clavate, a character that separates it from T. octopartitum in 
which the spores are widest at the center. 
 
Trichoglossum persoonii F.L. Tai, Lloydia 7(2): 154 (1944) 
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According to the original description, the ascospores of this species are sharply pointed and 13-
20 septate (though mostly 15-19). This appears to be a good species based on the description, but 
I have not seen material. 
 
Trichoglossum sinicum F.L. Tai, Lloydia 7(2): 156 (1944) 
This species is similar in size to Leucoglossum thailandicum, but material is unavailable for 
study. The ascospores are noted as 7–15 septate and 147–175 x 6–7 µm, different from L. 
thailandicum. Reported from China by Zhuang (1998) as well.  
 
Trichoglossum yunnanense F.L. Tai, Lloydia 7(2): 154 (1944) 
= Trichoglossum tetrasporum var. yunnanense (F.L. Tai) Mains, Mycologia 46: 625 (1954) 
This species differs from T. longisporum by having 4-spored asci. It may be conspecific with T. 
tetrasporum, but it has longer asci and ascospores (asci 237–294; ascospores 143–187 µm long) 
 
Family Progeoglossaceae Hustad, fam. nov. prov. 
Ascomata scattered to gregarious, fleshy, black, becoming dark brown upon drying in 
Maasoglossum, terrestrial, commonly on disturbed soil in higher latitudes or elevations. Asci 
clavate to cylindric, 8-spored, apical pore J+ in Melzer’s. Ascospores ranging from single-celled 
and hyaline or brown to up to 3 septate when overmature. Paraphyses straight to curved to 
circinate, occasionally inflated at the apex, sometimes embedded in an epithecum of brown 
amorphous material. Habitat often on disturbed soils. 
Etymology: From Latin pro, meaning before. Refers to the phylogenetic position of this family 
as basal to Geoglossaceae. 
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Genera: Maasoglossum, Nothomitra, Sarcoleotia 
 
Maasoglossum K.S. Thind & R. Sharma, Kavaka 12: 37 (1984) 
Description: Ascomata scattered to gregarious, black, glabrous, becoming slightly longitudinally 
rugulose upon drying, 2–8 cm tall, up to 2 mm wide. Stipe terete, glabrous, textura porrecta, with 
dark-colored narrow hyphae intertwining inflated longitudinal cells. Paraphyses longer than the 
asci, hyaline to light brown, straight to curved or circinate, enlarged at the apex (up to 15 µm 
broad), agglutinated into an epithecum by a light brown amorphous matter above. Asci clavate to 
clavate-cylindric, up to 165 µm in length and 16 µm wide, mostly 8-spored, tip J+ in Melzer’s. 
Ascospores light brown in maturity, cymbiform to ellipsoid, straight to slightly curved, aseptate, 
occasionally with 1 to 2 oil drops. Growing in soil, often in disturbed habitats. 
Habitat: Terrestrial on disturbed soils. 
Type species: Maasoglossum verrucisporum Thind & R. Sharma 
Distribution: Bhutan (Thind & Sharma 1984), Finland (von Bonsdorff et al. 2012), The 
Netherlands (Nitare 2012, www.gbif.org), Sweden (Nitare 1982, 1984, 2012, www.gbif.org). 
 
Key to species of Maasoglossum 
1. Ascospores smooth, Northern Europe        M. aseptatum 
1. Ascospores distinctly verrucose (warted), Eastern Himalayas         M. verrucisporum 
 
Maasoglossum aseptatum (Hakelier ex Nitare) Hustad & A.N. Mill., Mycoscience in press 
≡ Geoglossum aseptatum Hakelier ex Nitare, Windahlia 14: 40 (1984) [as “asaeptatum] 
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Description: Ascomata black throughout, lanceolate-linear, becoming slightly longitudinally 
rugulose upon drying, 3.1–8.2 cm tall, 0.1–0.5 cm wide. Stipe smooth, black, terete, not 
distinctly different from fertile hymenium, up to 13 mm wide. Paraphyses hyaline to subhyaline, 
straight to curved or circinate at tips, often enlarged at the apex (Fig. 6.2C), longer than asci, the 
upper portions strongly agglutinated by a light brown amorphous matter (Fig. 6.2E). Asci 
clavate, (80–)104–131(–141) × (9.6–)10.5–13.1(–14.2) µm (average 117.12 ± 13.21 × 11.8 ± 
1.23 µm, n = 30), 8-spored, having zero or at most two uniseriate ascospores below, biseriate or 
triseriate above (Fig. 6.2A), ascus tip lightly J+ in Melzer’s (Fig. 6.2D). Ascospores cymbiform 
to obovoid or clavate, often enlarged at one end, (16.2–)23.1–29.9(–35.0) × (4.9–)5.4–6.3(–6.9) 
µm (average 25.47 ± 2.54 × 5.96 ± 0.48 µm, n = 30), aseptate, hyaline to light golden brown, 
sometimes with one or two oil drops, smooth (Fig. 6.2B). 
Habitat: On disturbed soil. 
Holotype: SWEDEN. Örebro, Närke, Axberg, Vitmossen, on soil in moss in the drip line of a 
small building, 1 Sep 1977, N. Hakelier s.n. (UPS:BOT:F-116948). 
Distribution: Finland (von Bonsdorff et al. 2012), The Netherlands (Nitare 2012, www.gbif.org), 
Sweden (Nitare 1982, 1984, 2012, www.gbif.org). 
Notes: This species is discussed extensively in Chapter Five (Hustad & Miller 2015b). 
 
Maasoglossum verrucisporum Thind & R. Sharma, Kavaka 12: 37 (1984) [as “verrucosporum”] 
Description: Ascomata scattered to gregarious, black throughout, cylindrical-clavate, distinctly 
rugose with longitudinal ridges especially prominent in dried specimens, 2–6 cm tall, 0.1–0.5 cm 
wide. Stipe smooth, black, terete, not distinctly different from fertile hymenium, up to 1.5 mm 
wide. Paraphyses hyaline to subhyaline, straight to curved at tips, somewhat enlarged at the apex 
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(Fig. 6.3B), longer than asci, the upper portions agglutinated by a light brown amorphous matter. 
Asci clavate-cylindric, (112–)130–151(–165) × (10.2–)12.5–14.4(–16.0) µm (average 141.2 ± 
10.1 × 13.3 ± 0.9 µm, n = 30), 8-spored (occasionally 4-spored), ascospores biseriate (Fig. 6.3C), 
ascus tip J+ in Melzer’s. Ascospores cymbiform to obovoid or clavate, (23.9–)26.1–30.0(–32.0) 
× (5.8–)6.2–7.3(–7.9) µm (average 28.05 ± 1.95 × 6.78 ± 0.52 µm, n = 30), aseptate, hyaline to 
light brown, distinctly covered with minute, profuse warts (Fig. 6.3A). 
Habitat: On soil among mosses in mixed forest. 
Holotype: Bhutan, Thimphu, Dochula, on soil among mosses in mixed forest, 10,000 feet elev., 3 
August 1984, R. Sharma 17725, (holotype PAN 17725, isotype CUP-IN-000606. 
Distribution: Bhutan (Thind & Sharma 1984). 
Specimen Examined: Isotype (CUP-IN-000606). 
Notes: This species is discussed extensively in Chapter Five (Hustad & Miller 2015b). 
 
Nothomitra Maas Geest., Persoonia 3: 91 (1964) 
Ascomata scattered to gregarious, fertile hymenium roseo-olivaceous to pale reddish, mitriform 
to subglobose, distinctly separate from stipe, becoming detached at base with age, stipe cylindric 
to sinuous, ochraceous to dark brown above, becoming paler toward the base, solid. Paraphyses 
filiform, sparsely septate, branched, slightly agglutinated at the tips. Asci cylindric-clavate, 
inoperculate, 8-spored, apical pore variously reactive in Melzer’s reagent. Ascospores oblong-
clavate, smooth, hyaline, initially one-celled, developing up to 6 septa when overmature. 
Type species: Nothomitra cinnamomea Maas Geest. 
Distribution: Austria (Maas Geesteranus 1964a), China (Zhuang & Wang 1997), France 
(Moingeon & Moingeon 2004), Russia (Raitviir 1971) 
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Habitat: Terrestrial on disturbed soils in forests, typically at altitude, occasionally amongst moss. 
 
Key to species of Nothomitra 
1. Ascomata minute (up to 5 mm in height), ascospores 19–25 µm long          N. kovalii 
1. Ascomata and ascospores larger                  2 
2. Ascospores 35–47(55) µm in length, ascoconidia absent, Europe           N. cinnamomea 
2. Ascospores 46–64 µm in length, ascoconidia abundant, China        N. sinensis 
 
Nothomitra cinnamomea Maas Geest., Persoonia 3(1): 92 (1964a) 
≡ Microglossum cinnamomeum (Maas Geest.) S. Moingeon & J.M. Moingeon, Miscellannea 
Mycologica 80–81: 31 (2004) 
Fig. 3.1 
Description: Ascomata scattered to gregarious occurring in soil, 1–3.3 cm high, hymenium borne 
on variously-shaped fertile heads, head glabrous, spathulate to obovoid or subglobose with 
concolorous wavy lobes, pale cinnamon to olivaceous, darkening with age, 3–9 mm broad (Fig. 
2.1A, B), hymenium distinctly separated from stipe (Fig. 2.1C), stipe straight or flexuous, terete, 
tapering towards base, ochraceous above becoming paler toward base, squamulose above, 
becoming glabrous at base, 0.7–2.4 cm high. Hyphae at center of stipe easily separated, often 
swollen at the septa, thin–walled and often branched. Hyphae near the periphery of the stipe thin-
walled and tightly bundled. Paraphyses filiform, upper cells hyaline, with brownish guttules in 
lower cells, septate, sometimes branched at apex or base, curved at the apex, slightly longer than 
asci, 1–1.5 µm wide, expanding to 2–3 µm wide at apex. Asci cylindrical–clavate, with crosiers, 
inoperculate, apical ring euamyloid, deep blue in IKI, small, not occupying entire apex, 150–180 
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× 9.5–12.5µm (Fig. 2.1B), 8–spored, biseriate. Ascospores fusiform to narrowly obclavate, 
rounded at apex, acute at base, hyaline, smooth, multi-guttulate, single–celled in ascus, becoming 
up to 5–septate when mature or old, 35–47 (–55) × 3.5–5.5 (–6) µm (Fig. 2.1D).  
Habitat: Growing among Sphagnum and Aulacomnium palustre (Hedw.) Schwägr., often 
accompanying Geoglossum sphagnophilum Ehrenb. September–October. 
Holotype: AUSTRIA. Attergau, Fehra Moos, SW of St. Georgen, 29 September 1969, J.T. 
Palmer 11391 (L 962.271–144). 
Distribution: Reported from Austria (Maas Geesteranus 1964a, Palmer 1997) and France 
(Moingeon & Moingeon 2004). 
Specimens Examined: FRANCE. Franche-Comté, Jura, Touhieue, 1100m elev., Sep 2001, J-M 
Moingeon s.n. (ILLS 61042); – Morez Canon, Bellefontaine, 1 Sep 2001, J-M Moingeon s.n. 
(ILLS ANM Acc 538); – 11 Sep 2005, J-M Moingeon s.n. (ILLS ANM Acc 539); – 13 Sep 
2001, J-M Moingeon s.n. (ILLS ANM Acc 540).  
Notes: This species is covered extensively in Chapter 2 (Hustad et al. 2011). 
 
Nothomitra kovalii Raitv., Zhivaya priroda Dal’nego Vostoka: 81 (1971) 
Description: Ascomata 3–5 mm in height, stipitate, capitate. Fertile hymenium subglobose, 
minutely undulately lobed, glabrous, pale pink-ochraceous, 1.5–2 mm in diameter. Asci clavate, 
57–100 x 6–8 µm, the entirety staining blue in Melzer’s reagent. Ascospores narrowly fusiform, 
1- or 2-celled, hyaline, 19–25 x 2 µm. Paraphyses longer than the asci, curved, 1–1.5 µm in 
diameter, up to 2–2.5 µm in diameter at the tips. 
Habitat: Terrestrial, in gravel on a volcanic slope. 
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Holotype: RUSSIA. Kuril Islands, Kunashir, Mt. Mendeleyeva, 400–800 m, Sep 1956, E. Koval 
(TAA-60486). 
Distribution: Kuril Islands (Raitviir 1971). 
Notes: I have not seen any collections of this fungus, but I doubt if it is truly a species of 
Nothomitra. The ascomata are minute (3-5 mm in height) compared with other species of 
Nothomitra and the ascospores are shorter than other species of Nothomitra. However, the 
occurrence in disturbed habitat and the description and figure of the paraphyses provided in the 
description (Raitviir 1971) is suggestive of Nothomitra. 
 
Nothomitra sinensis W.Y. Zhuang, Mycotaxon 63: 308 (1997) 
Description: Ascomata 3–4.5 cm in height, stipitate; fertile hymenium clavate to capitate, not 
compressed, glabrous, clearly distinguished from the stipe, brown to dark reddish brown, 
occupying the upper one-fourth to one-half of the ascoma, 4–7 mm wide; stipe subcylindrical, 
occasionally swollen at the base, light or dark brown, 1.5–2.5 mm thick at apex, up to 6 mm 
thick at base. Asci clavate, 8-spored J- in Melzer’s reagent, 107–150 x 12–16 µm. Ascospores 
subcylindrical to acicular, non-septate when fresh, up to 4-septate when overmature, (38–)46–64 
x 2.5–3.5 µm. Paraphyses filiform, slightly enlarged at apex, straight or curved, occasionally 
branched above, 2–4 µm wide at apex. Ascoconidia abundant, subspherical, hyaline, 3–4(–5) x 3 
µm. 
Habitat: On soil or duff in conifer forests. 
Holotype: CHINA. Zhangye, Gansu, 2850 m, on the ground among mosses in a conifer forest, 1 
Sep 1958, Q-M Ma 785 (HMAS 24108). 
Distribution: China (Zhuang & Wang 1997). 
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Notes: I have not seen this fungus, but according to the description I agree with the authors that it 
belongs in Nothomitra. The ascospore sizes overlap somewhat with N. cinnamomea, but the 
distinct coloration of the ascomata, the presence of ascoconidia, and the habitat are quite distinct 
from N. cinnamomea. 
 
Sarcoleotia S. Ito & S. Imai, Transactions of the Sapporo Natural History Society 13: 182 
(1934) 
Ascomata scattered to gregarious, fleshy, stipitate, upright, black; ascigerous portion pileate, 
convex; stipe short, gracile; asci clavate, inoperculate, 8-spored; ascospores hyaline, subcylindric 
to subclavate, initially 1-celled, developing septation when overmature, pinkish in mass when 
discharged; paraphyses filiform, often branching. 
Type species: Sarcoleotia globosa (Somerf.: Fr.) Korf 
 
Sarcoleotia globosa (Somerf.: Fr.) Korf, Phytologia 21: 206 (1971) 
≡ Mitrula globosa Sommerf., Supplementum Florae Lapponicae: 287 (1826) 
≡ Geoglossum globosum (Sommerf. Fr.) Fr., Elenchus Fungorum I: 234 (1828) 
≡ Corynetes globosus (Sommerf.: Fr.) Durand, Annales Mycologici 6: 417 (1908) 
= Cudonia osterwaldi P. Henn., Verhandlungen des Botanischen Vereins der Provinz 
Brandenburg 46: 118 (1905) 
= Leotia nigra S. Ito & Imai, Proceedings of the Japanese Association for the Advancement of 
Science 7: 148 (1932) 
= Sarcoleotia nigra S. Ito & S. Imai, Transactions of the Sapporo Natural History Society 13: 
182 (1934) 
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= Cudonia clandestina (Rahm) Rahm nomen nudem, Schweizerische Zeitschrift für Pilzkunde 
44: 172 (1966) 
≡ Sarcoleotia clandestina (Rahm) Rahm nomen nudem Schweizerische Zeitschrift für Pilzkunde 
53: 42 (1975) 
= Sarcoleotia platypoda (DC.: Fr.) Maas Geesteranus, Proceedings van de Koninklijke 
Nederlandse Akademie van Wetenschappen Section C 69: 191 (1966) [as S. platypus DC.: Pers.)] 
≡ Helvella platypoda DC., Flora Française VI: 29 (1815) 
≡ Leotia platypoda DC.: Fr., Systema Mycologicum II: 28 (1822) 
Fig. 2.3 
Description: Ascomata gregarious to solitary, at first capitate, becoming pileate, stalked, black, 
8–50 mm in height; ascigerous portion pileate, convex, hemispherical, often slightly depressed in 
the center, 6–12 mm thick, black, margin slightly inrolled, free from the stipe, glabrous; stipe 
equal or slightly terete, 6–35 mm long, 1–3.5 mm thick, umbrinous to fuliginous, whitish and 
slightly furfuraceous at the base; asci clavate, pore J- in Melzer’s reagent 115–155 x 10 µm, 8-
spored; ascospores hyaline, subcylindric to subclavate, initially one-celled,developing a single 
septation when mature, 22.5–35 x 5 um, pinkish in mass; paraphyses filiform, branched, not 
swollen at the apex, slightly brownish, especially at the apex. 
Habitat: On soil in woods (Imai 1934), often in disturbed soil (Schumacher & Sivertsen 1987, 
Jumpponen et al. 1997), on soil among mosses in burned sites (Schumacher & Sivertsen 1987), 
on calcareous, nutrient-rich soils (Schumacher & Sivertsen 1987) and on acidic, nutrient-poor 
soils (Jumpponen et al. 1997). 
Holotype: NORWAY. Nordland, Saltdal, in sand. Sep 1819 and 1823. C. Sommerfelt.  
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Distribution: Argentina (Gamundi 1979), Belgium (Patouillard 1886), Finland (Ulvinen 1976), 
Germany (Schumacher & Sivertsen 1987), Greenland (Korff & Gruff 1981; Korf 1982; Petersen 
& Korf 1982), Japan (Ito & Imai 1932; Imai 1934, 1941), The Netherlands (Maas Geesteranus 
1966), Norway (Sommerfelt 1826; Imai 1940 – as C. globosus, 1955; Nannfeldt 1942; Eckblad 
1963; Kallio & Kankainen 1966), Switzerland (Rahm 1966, 1975; Müller 1977; Irlet 1984); 
USA (Jumpponen et al. 1997). 
Specimens Examined: NORWAY. Finnmark, Alta, between Tomasbakken and Storgjerden, on 
sandy hill at the river Alta-elven, 13 Aug 1961, F-E Eckblad 61/159 (UPS:BOT:F-541473); – 
SWEDEN. Norrbotten, Ranea Parish, 8 km S of Jämtön, on sandy seashore, 11 Sep 1986, J. 
Nitare s.n. (K(M):16153); – J. Nitare s.n. (UPS:BOT:F-005497). 
Notes: This species is the only currently recognized species of Sarcoleotia. Recent literature 
reports up to four species, but S. nigra and S. platypoda are now considered later synonyms of S. 
globosa (Schumacher & Sivertsen 1987) and S. turficola has been shown (Bunyard et al. 2008) 
to belong in Ascocoryne. 
 
DISCUSSION 
 
A total of twelve clades of Geoglosomycetes are supported based on the phylogenetic research 
presented in this dissertation. A top-down examination of the higher level systematics of 
Geoglossomycetes suggests a scheme in which two families are recognized within the class. The 
family Progeoglossaceae is herein described to include the genera Maasoglossum, Nothomitra, 
and Sarcoleotia. This family is characterized by single-celled mature ascospores, habitat on 
disturbed soil, and a hymenium and stipe that are often distinctly separated. The family 
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Geoglossaceae is recircumscribed to include only the genera with mature multiseptate 
ascospores: Brevitrichoglossum, Geoglossum, Glutinoglossum, Hemileucoglossum, 
Leucoglossum, and Trichoglossum. The phylogenetic analysis presented in Figures 7.1 through 
7.13 represents the strongest, most inclusive phylogenetic study of the Geoglossomycetes ever 
undertaken. Twelve individual clades are noted in this phylogeny and they are discussed in detail 
below. 
Glutinoglossum Clade 
The Glutinoglossum clade recovered in this study is identical to that in Chapter 5 (Hustad & 
Miller 2015a) and is appropriately discussed in that chapter. 
Unknown Environmental Sequences Clade 
A clade containing six environmental sequences closely related to Glutinoglossum and 
Trichoglossum was recovered. This clade was significantly well-supported (78 BS, 0.97 BPP) as 
distinct from other clades of Geoglossomycetes in this study. The environmental sequences were 
all recovered from Northern Hemisphere soil samples: JX043000 from coastal sage scrub in 
California, USA (Karst et al. 2013); GQ219930 from a soil sample in Germany (Christ et al. 
2011); and FJ554435, FJ553832, FJ553535, and FJ552704 from forest soil in Canada (Hartmann 
et al. 2008). Unknown fungi are commonly encountered in environmental samples, but the 
discovery of a wholly unknown clade within a well-studied group such as Geoglossomycetes is 
surprising. Because the asexual state of Geoglossomycetes is unknown (if there is one), it 
remains possible that these samples came from a previously unrecorded, possibly microscopic 
asexual state of Geoglossomycetes or a sexual state that does not produce ascomata. Because the 
root node of this clade is also shared by Brevitrichoglossum and Glutinoglossum, both genera 
with distinctive sterile hymenial elements (large paraphyses in Glutinoglossum and short setae in 
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Brevitrichoglossum), members of this clade probably also have large paraphyses or other sterile 
hymenial elements in their ascomata-producting sexual state, if they produce one. 
Brevitrichoglossum Clade 
This provisional new genus was recovered as a strongly supported clade (98BS, 1.0BPP) 
separate from the genus Trichoglossum and sharing a node with Glutinoglossum and the 
Unknown Environmental clade. Originally this clade contained only two species, B. farlowii and 
B. walteri, but following closer examination of specimens of those species and preliminary 
phylogenies, several cryptic species were discovered in this genus. The charismatic species B. 
farlowii was described from Massachusetts and is one of the most common species of 
Geoglossomycetes in the Eastern United States. I have encountered a species with similar 3-
septate mature ascospores from New Zealand but have been unsuccessful in attempts to sequence 
it to date. B. farlowii is commonly parasitized by mycoparasitic fungi including Fusarium and 
the presence of these parasites may be a confounding factor in molecular sequencing efforts.  
 Brevitrichoglossum walteri was described from Southern Hemisphere collections, though 
collections of 7-septate Trichoglossum species from the Northern Hemisphere have been referred 
to this species name for over a century (Durand 1908, Mains 1954). A careful re-evaluation of 
the original description of B. walteri reveals that the Southern Hemisphere species produces 
much smaller ascomata (up to only 3.5 cm in height) than many of the North American 
collections. The evolution of the species description of T. walteri by Northern Hemisphere 
authors of influential monographs of Geoglossaceae is intriguing. Cooke (1875) examined 
Australasian specimen and reported the maximum height of ascomata of Geoglossum walteri as 
“about one inch”, Durand (1908) listed Trichoglossum walteri as 3 to 7 cm in height, and Mains 
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(1954) reported up to 10 cm. This appears to be a case of the description of an incompletely 
understood species becoming distorted over time. 
 The end result of this changing understanding of the species is that the original species 
concept was broadened to include at least three other species. I have provisionally described the 
species Brevitrichoglossum mainsii to account for the Northern Hemisphere species that have 
been reported as T. walteri for over 100 years. This species differs from the true B. walteri by 
having significantly larger ascomata (up to 10 cm in height for B. mainsii vs. 3.5 cm tall in B. 
walteri) and slightly longer ascospores (mostly 89-101 µm in B. walteri vs. 100-118 µm in B. 
mainsii). Brevitrichoglossum costaricensis differs from both species by having ascospores with 
abrupt curves towards the ends and even smaller ascospores (65-80 µm). The new combination, 
B. confusum, is also provisionally made based on the growth habit and the ascomata of that 
species. 
Trichoglossum Clade 
The genus Trichoglossum was well-supported (90% BS, 0.96 BPP) as a separate clade when the 
species forming the genus Brevitrichoglossum were not constrained to be with Trichoglossum. 
While the genus Trichoglossum is charismatic and widely collected, it is comparatively rather 
uncommon. For example, over 1100 collections of Geoglossum are reported in the 40 herbaria in 
the MyCoPortal initiative, but only 629 collections of Trichoglossum are likewise available, of 
which nearly 200 collections are of T. farlowii and T. walteri from the United States – both 
species treated here in Brevitrichoglossum. The relative uncommonness of Trichoglossum 
combined with its rather charismatic morphology has resulted in the description of a large 
number of species in the group. 
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 I have thus far been unsuccessful in untangling the Trichoglossum hirsutum species 
complex. The species complex is found in four distinct regions of the Trichoglossum clade (Fig. 
7.6). I have been unable to detect any significant morphological differences in specimens from 
the four clades and am reluctant to describe sympatric species based entirely on molecular data. 
The largest clade of T. hirsutum (sampled by me) is found in both Europe and North America, 
but two smaller clades of morphologically identical T. hirsutum from Europe and North America 
have also been identified. A fourth clade of T. hirsutum from New Zealand has also been 
recovered. Associated species and other ecological data are often unreported in collections of 
Geoglossomycetes, and perhaps a closer examination of the ecological associations will provide 
further insight into this species complex in the future. 
Sabuloglossum Clade 
The genus Sabuloglossum was described by Hustad et al. (2013) to accommodate the species S. 
arenarium and, to date, no other species have been transferred into this monotypic genus. This 
current study is the first to include the species Geoglossum hakelieri, a rare species of 
Geoglossum from Sweden with light brown ascomata, hyaline ascospores, and slender, dark-
colored paraphyses – all characters found in G. arenarium. A close relationship between G. 
hakelieri and S. arenarium has been suggested in the past (Nitare 1983), but the rarity of the 
species and its susceptibility to habitat loss (Sivertsen et al. 1994) has meant that few collections 
are available for study. The results of this phylogenetic study agree with the earlier connections 
made by Nitare (1983) and support the transfer of G. hakelieri to Sabuloglossum. 
 Two environmental sequences from GenBank were also found to group with Geoglossum 
hakelieri in the Sabuloglossum clade. Both sequences were from the dataset submitted by 
Hartmann et al. (2009), examining fungal community structures in response to natural forest 
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disturbance in Canada. Fruiting of G. hakelieri was reported only from rather heavily-grazed 
grasslands and may be in response to soil disturbance (Hakelier 1967, Nitare 1983, Sivertsen et 
al. 1994). This provides an ecological connection to Sabuloglossum arenarium, a species that is 
common in disturbed, nutrient-poor soils (Hustad et al. 2013). 
Geoglossum I Clade 
Surprisingly, the genus Geoglossum was found to occupy two different clades in this analysis 
with the genus Leucoglossum separating both clades. The Geoglossum I clade contains the type 
species of Geoglossum, G. glabrum, and should be considered the core Geoglossum clade. The 
clade was found to contain 11 species of varying ascospore and paraphyses morphologies. Each 
species in the Geoglossum I clade possesses ascospores that quickly mature and are immediately 
brown. The ascospores range from 5–7 septatae at maturity in G. vleugelianum, to predominantly 
7-septate (G. glabrum, G. simile, G. cookeanum, etc.), to 15-septate (G. peckianum and G. 
pygmaeum). The paraphyses are generally more distinctive in the Geoglossum I clade, ranging 
from variously coiled (G. peckianum), to curved (G. turzae, G. vleugelianum), to straight, 
inflated, and highly constricted at the septa (G. cookeanum, G. glabrum, G. prioui, and G. 
simile). 
 Three new species are provisionally described from this clade: two from the Southern 
Hemisphere (G. novaezealandicum and G. turzae) and one from the Northern Hemisphere (G. 
prioui). Geoglossum cookeanum, among the most widespread species of Geoglossomycetes, is 
found in this clade and the misidentification of this species for other species in the Unite and 
GenBank databases is highlighted in Figure 7.8. Phylogenetic placement of the species 
Geoglossum affine and G. simile in the same clade as G. glabrum (both with less than 1% ITS 
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sequence divergence from G. glabrum) suggests that these species should be synonymzed under 
G. glabrum. 
Leucoglossum Clade 
Previous phylogenies by Arauzo & Iglesias (2014), Fedosova & Kovalenko (2015), and Hustad 
& Miller (2015b) have all included the genus Leucoglossum and have placed it variously 
throughout the higher Geoglossomycetes, most commonly closely related to Geoglossum. Only 
the study by Arauzo & Iglesias (2014) included Geoglossum fallax and other members of the 
Geoglossum II clade described below, and in that study the phylogenetic study was limited to a 
Bayesian analysis of the ITS gene. The results of the current, much more robust phylogeny show 
Leucoglossum nested within Geoglossum, suggesting that either 1) Leucoglossum should be 
regarded as a synonym of Geoglossum, or 2) that Geoglossum is a paraphyletic genus. At 
present, I will refrain from suggesting any nomenclatural changes to either group, as I have seen 
little material of Leucoglossum and few gene sequences are publicly available for this genus. 
One new species provisionally described in this monograph is L. thailandicum, a species 
characterized by 15-septate, mature brown ascospores and initially mistaken for T. hirsutum. The 
ascospores and growth habit are similar to L. durandii, but the ascospores are larger in L. 
thailandicum and uniformly 15-septate vs. smaller and ranging in septation in L. durandii. 
Geoglossum II Clade 
The Geoglossum II clade contains 22 diverse species in two major subclades. The first major 
subclade contains Geoglossum fallax and similar species, characterized by ascospores that long 
remain hyaline and in which asci with brown ascospores are relatively rare. Geoglossum fallax 
was recovered as part of either two different clades or a single clade containing G. elongatum. 
The morphological differences of G. elongatum and G. fallax do not support synonymization of 
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the species. All of the specimens of G. fallax that I have studied and sequenced fall into one 
clade, with the other, more derived clade made up entirely of sequences from GenBank and 
environmental sequences, suggesting that they represent an undescribed species. 
 The second subclade of Geoglossum II clade contains G. umbratile and similar species, a 
well as G. alpinum. These species are characterized by 7-septate mature ascospores that quickly 
become brown, filiform paraphyses only slightly inflated at the apices, and lack of a distinct 
epithecal layer. All species in this subclade are endemic to the Northern Hemisphere. 
Hemileucoglossum Clade 
This research has provided a more accurate phylogenetic placement of the genus 
Hemileucoglossum. The Bayesian phylogeny presented by Arauzo & Iglesias (2014) was 
reconstructed using only the ITS nuc rDNA region and placed Hemileucoglossum at the base of a 
clade containing Geoglossum and Leucoglossum. The present more extensive phylogenetic 
reconstruction places Hemileucoglossum at the base of the clade containing all genera with 
multiseptate mature ascospores. These results coincide with our previous findings using a four-
gene phylogeny (Hustad and Miller 2015b) and the ribosomal DNA tree produced by Sandnes 
(2006), to date the only other studies to include Hemileucoglossum species. 
Moreover, this placement of Hemileucoglossum makes intuitive sense when the 
ascospore morphology is examined. Maasoglosum, Nothomitra, and Sarcoleotia are the most 
basal members of Geoglossomycetes and are characterized by hyaline to light brown, aseptate 
(rarely up to three-septate in Nothomitra) ascospores (Hustad et al. 2011, 2013, Hustad & Miller 
2015b). These three genera form a separate and well-supported clade distinct from Geoglossum, 
Glutinoglossum, Leucoglossum, Sabuloglossum, and Trichoglossum, all of which possess 
ascospores with multiple septations and that vary from having delayed pigmentation (e.g. 
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Glutinoglossum) to being immediately brown at maturity (e.g. Geoglossum and Trichoglossum) 
(Hustad et al. 2013). The placement of Hemileucoglossum, which has mature ascospores that are 
hyaline yet multiseptate at maturity, at the base of this clade suggests that this genus is a 
transitional form between the basal, mostly aseptate and hyaline-ascospored Geoglossomycetes, 
and the derived pigmented and multiseptate-ascospored member of Geoglossomycetes. 
The viscid character of the ascomata has arisen at least three separate times in 
Geoglossomycetes. In addition to Hemileucoglossum warrenensis, the genus Glutinoglossum is 
characterized by conspicuously viscid ascocarps and several species of Geoglossum (e.g. G. 
affine, G. difforme, G. uliginosum) are also viscid. While the function of viscidity in 
Geoglossomycetes has not been studied, it has been speculated to help maintain moisture within 
the hymenium to protect asci during development (Ingold 1959, Moore 1965, Korf 1990). Unlike 
viscid species of Geoglossum and Glutinoglossum, H. warrenensis is characterized by a viscid 
stipe and dry hymenium, so that hypothesis cannot explain the function of viscidity in this 
species. 
The species Hemileucoglossum littorale was not recovered as a monophyletic species in 
our study. Three specimens of H. littorale were included in this study, two from Northern Europe 
(Denmark and Sweden) and one from Spain. The ITS sequence of the Spanish specimen is more 
than 11% different from the Northern European specimens (495/539 bp identical, data not 
shown). Kunze’s type collection of H. littorale was made in Denmark, and all other records of 
this species are from Northern Europe with the exception of collections in Germany (Lüderitz 
2010) and Spain (Arauzo & Iglesias 2014). Interestingly, only in the collections studied by 
Arauzo & Iglesias (2014) was the production of ascoconidia within the asci reported; no mention 
was made of this phenomenon in any previous treatments of the species (Rostrop 1892, Lind 
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1913, Nannfeldt 1942). As I have not seen Spanish or German material of this species, I feel that 
it is premature to make any taxonomic revisions and will leave the species as paraphyletic at this 
point. 
Sarcoleotia, Nothomitra, and Maasoglossum Clades 
 The clades (Figs. 7.12 and 7.13) of these genera recovered in this phylogeny have been 
discussed extensively in Chapters 2 (Nothomitra and Sarcoleotia), and 6 (Maasoglossum). 
 
CONCLUSIONS 
 
This final chapter presents the most comprehensive and wide-ranging monographic treatment of 
Geoglossomycetes undertaken to date, including 73 species descriptions including 20 new 
species or combinations, and notes on an additional 44 species. While a number of taxonomic 
changes have been made, and a many problems solved, the phylogeny presented here also leads 
to further questions about the ecological and taxonomic issues surrounding Geoglossomycetes. 
The dawn of the molecular era did not break over the nomenclature of Geoglossomycetes until 
relatively recently, but the use of molecular tools has allowed me and other researchers 
worldwide to finally begin to understand these enigmatic fungi.  
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FIGURES AND TABLES 
 
 
 
Figure 1.1: Christopher Merret's description of "Fungus ophioglossoides” from his Pinax 
Rerum Naturalum Brittanicarum (1667), potentially the first earth reported species of earth 
tongue. 
 
 
Figure 1.2. John Ray's descriptions of “Fungus ophioglossoides niger” and “Fungus parvus 
luteus ad ophioglossoiden nigrum accedens”.  
 
 
Figure 1.3: Sébastien Vaillant’s description of “Clavaria ophioglossoides nigra”, citing 
Ray’s “Fungus ophioglossoides niger” as a synonym. 
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Figure 1.4: Vaillant’s figure of “Clavaria ophioglossoides nigra” from Botanicon Parisiense. 
This figure was later referred to by Linnaeus and is the only extant material from the 
original collection of Geoglossum glabrum. 
 
 
Figure 1.5: Linnaeus’ description of Clavaria ophioglossoides from Species Plantarum. This 
description indicates Vaillant’s “Clavaria ophioglossoides nigra” as a synonym. 
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Figure 1.6: Casimir Cristoph Schmidel’s depiction of Clavaria ophioglossoides (above) and 
Clavaria simplex hirsuta (below). His Clavaria simplex hirsuta would later be transferred by 
Persoon to Geoglossum hirsutum, and Boudier would use it as the type specimen of 
Trichoglossum. 
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Figure 1.7: Persoon’s original type description of Geoglossum, clearly indicating 
Geoglossum glabrum as the type species and establishing Linnaeus’ Clavaria 
ophioglossoides as a synonym. 
 
 
Figure 1.8: The first attempt at a phylogeny of earth tongue fungi, published by Massee 
(1897). 
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Figure 1.9: A species-level phylogenetic hypothesis produced by Massee (1897). Massee 
considered Trichoglossum hirsutum to be the basal species of earth tongues. 
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Figure 2.1: Nothomitra cinnamomea. A: In situ photograph of ascomata, B: Ascus, total 
magnification = 400X, C: Close up of fertile tip, arrow denotes separation of head and 
stipe, D: Ascospores illustrating variable septation, total magnification = 800X. 
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Figure 2.2: Maximum likelihood phylogeny of Geoglossomycetes based on a combined 
dataset (2091 bp) of ITS, LSU, and Mcm7 DNA sequences representing 22 taxa using 
PhyML ((-ln)L score = 13700). Thickened branches indicate significant Bayesian posterior 
probabilities (>95%); numbers refer to PhyML bootstrap support values >70% based on 
1000 replicates. Neurospora crassa and Leotiomycetes were used as outgroup taxa. 
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Figure 2.3: Sarcoleotia globosa. Arrow indicates distinct separation of fertile hymenium 
and stipe. 
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Table 2.1: List of taxa, GenBank and herbarium accession numbers, collection 
numbers, and locality for specimens used in this study. 
Name 
Collection 
Number 
Herbarium 
# ITS LSU Mcm7 
Locality 
Bisporella 
citrina VPH s.n. 
ILLS61033 
JQ256414 JQ256432 JN672971 
Champaign 
County, 
Illinois 
Cudoniella 
clavus ANM2087 
ILLS60488 
JQ256415 JN012006 JN672988 
GSMNP, 
Tennessee 
Geoglossum 
barlae Moingeon s.n. 
ILLS61034 
JQ256416 JQ256433 JQ256444 
France 
Geoglossum 
cookeanum ANM2257 
ILLS61035 
JQ256417 JQ256434 JQ256445 
GSMNP, 
North Carolina 
Geoglossum 
difforme ANM2169 
ILLS61036 
JQ256418 JN673044 JN672990 
GSMNP, 
Tennessee 
Geoglossum 
fallax J. Gaisler s.n. 
ILLS61037 
JQ256419 JQ256435 JQ256446 
Hamrstejn, 
Czech 
Republic 
Geoglossum 
glabrum ANM2267 
ILLS61038 
JQ256420 JQ256436 JQ256447 
GSMNP, 
Tennessee 
Geoglossum 
simile ANM2171 
ILLS61039 
JQ256421 JQ256437 JQ256448 
GSMNP, 
Tennessee 
Geoglossum 
umbratile CFR251108 
ILLS61040 
JQ256422 JQ256438 JQ256449 
Kennemerland, 
Netherlands 
Graddonia 
coracina ANM2018 
ILLS60491 
JQ256423 JN012009 JN672993 
GSMNP, 
Tennessee 
Hymenoscyphus 
fructigenus ASM10619 
ILLS61041 
JQ268558 JN673046 JN672997 
Samara, 
Russia 
Microglossum 
olivaceum GenBank 
N/A 
AY789398 AY789397 N/A 
N/A 
Neurospora 
crassa GenBank 
N/A 
JN198494 AF286411 XM958785 
N/A 
Nothomitra 
cinnamomea Moingeon s.n. 
ILLS61042 
JQ256424 JQ256439 JQ256450 
Bellefontaine, 
Jura, France 
Propolis 
versicolor ANM2050 
ILLS60497 
JQ256425 JN012015 JQ256451 
GSMNP, 
North Carolina 
Sarcoleotia 
globosa GenBank 
N/A 
AY789300 AY789299 N/A 
N/A 
Thuemenidium 
arenarium CFR181007 
ILLS61043 
JQ256426 JQ256440 JQ256452 
Kennemerland, 
Netherlands 
Thuemenidium 
atropurpureum ASM4931 
ILLS61044 
JQ256427 JQ256441 JQ256453 
Cortland Co., 
New York 
Trichoglossum 
hirsutum J. Gaisler s.n. 
ILLS61045 
JQ256428 JQ256442 JQ256454 
Hamrstejn, 
Czech 
Republic 
Trichoglossum 
octopartitum JPP10191 
ILLS61046 
JQ256429 JQ256443 JQ256455 
Senavelle, 
France 
Trichoglossum 
walteri ANM2203 
ILLS61047 
JQ256430 JN673053 JN673022 
GSMNP, 
North Carolina 
Vibrissia 
filisporia f. 
filisporia ANM2064 
ILLS60499 
JQ256431 JN012017 JN673023 
GSMNP, 
North Carolina 
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Fig. 3.1: PhyML maximum likelihood phylogeny of Geoglossomycetes, based on a combined 
dataset (2393 bp) of ITS, LSU, MCM7, and RPB1 DNA sequences representing 24 species 
((-ln)L score = 18379.50385). Thickened branches indicate significant Bayesian posterior 
probabilities (> 95 %); numbers at nodes indicate significant PhyML bootstrap support 
values (> 70 %) based on 100 replicates. Neolecta vitellina, Orbiliomycetes, and 
Leotiomycetes were used as outgroup taxa. Numbers associated with taxon names are 
fungarium accession numbers or strain numbers obtained from GenBank. 
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Fig. 3.2: Glutinoglossum glutinosum. A: In situ photograph of fresh ascocarps (© Jan 
Vesterholt/Mycokey); B: Ascus from dried material (total magnification = 200X, scale bar 
= 20µm); C: Ascospores from dried material (total magnification = 480X, scale bar = 
10µm); D: Paraphyses from dried material (total magnification = 400X, scale bar = 10µm). 
Micrographs from specimen ILLS 67353, used in this study. 
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Fig. 3.3: Glutinoglossum heptaseptatum. A: Ascus from dried material (total magnification= 
200X, scale bar= 20µm); B: Ascospores from dried material (total magnification = 400X, 
scale bar = 10µm); C: Paraphyses from dried material (total magnification = 400X, scale 
bar = 10µm). Micrographs from specimen ILLS 67354, used in this study. 
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Fig. 3.4: Sabuloglossum arenarium. A: In situ photograph of fresh ascocarps (© Jan 
Vesterholt/Mycokey); B: Ascospores from dried material (total magnification = 400X, scale 
bar = 10µm); C: Paraphyses from dried material (total magnification = 200X, scale bar = 
20µm); D: Ascus from dried material (total magnification = 400X, scale bar = 10µm). 
Micrographs from specimen ILLS 61043, used in this study. 
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Table 3.1: List of taxa, collections numbers, fungarium accession numbers and 
GenBank numbers for specimens used in this study. 
Name 
Coll./ Strain 
no. Fungarium no. ITS LSU MCM7 RPB1 
Geoglossum barlae Moingeon s.n. ILLS 61034 JQ256416 JQ256433 JQ256444 KC222160 
Geoglossum cookeanum ANM 2257 ILLS 61035 JQ256417 JQ256434 JQ256445 KC222161 
Geoglossum cookeanum J. Gaisler s.n. ILLS 67347 KC222122 KC222135 N/A N/A 
Geoglossum difforme ANM2169 ILLS 61036 JQ256418 JN673044 JN672990 KC222162 
Geoglossum difforme VPH s.n. ILLS 67348 KC222123 KC222136 KC222148 N/A 
Geoglossum difforme ASM 10498 ILLS 67349 KC222124 KC222137 KC222149 KC222163 
Geoglossum glabrum ANM 2267 ILLS 61038 JQ256420 JQ256436 JQ256447 KC222164 
Geoglossum glabrum OSC 60610 GenBank AY789318 AY789317 N/A N/A 
Geoglossum nigritum AFTOL-ID 56 GenBank DQ491490 AY544650 N/A N/A 
Geoglossum simile ANM 2171 ILLS 61039 JQ256421 JQ256437 JQ256448 KC222165 
Geoglossum simile ASM 10528 ILLS 67350 KC222125 KC222138 KC222150 KC222166 
Geoglossum 
sphagnophilum Poumarat s.n. ILLS 67351 KC222126 KC222139 KC222151 KC222167 
Geoglossum umbratile CFR 251108 ILLS 61040 JQ256422 JQ256438 JQ256449 KC222168 
Geoglossum umbratile Medardi s.n. K(M): 169625 KC222127 KC222140 KC222152 KC222169 
Geoglossum umbratile Mycorec 1840 GenBank AY789304 AY789303 N/A N/A 
Glutinoglossum glutinosum ANM 2231 ILLS 67352 KC222128 KC222141 KC222153 KC222170 
Glutinoglossum glutinosum J. Gaisler s.n. ILLS 67353 KC222129 KC222142 KC222154 KC222171 
Glutinoglossum glutinosum 1100649 GenBank N/A AY789310 N/A N/A 
Glutinoglossum 
heptaseptatum J. Gaisler s.n. ILLS 63754 KC222130 KC222143 KC222155 KC222172 
Glutinoglossum 
heptaseptatum J. Gaisler s.n. K(M): 165359 KC222131 KC222144 KC222156 N/A 
Graddonia coracina ANM 2018 ILLS 60491 JQ256423 JN012009 JN672993 KC222173 
Microglossum olivaceum FH-DSH97-103 GenBank AY789398 AY789397 N/A N/A 
Microglossum rufum 
Ingo-Clark-Geo 
163 GenBank DQ257360 DQ470981 N/A N/A 
Neolecta vitellina OSC 119159 GenBank FJ171854 FJ171881 N/A N/A 
Nothomitra cinnamomea Moingeon s.n. ILLS 61042 JQ256424 JQ256439 JQ256450 KC222174 
Orbilia auricolor AFTOL-ID 906 GenBank DQ491512 DQ470953 N/A N/A 
Orbilia delicatula DHP 108 GenBank U72595 AY261178 N/A N/A 
Sabuloglossum arenarium CFR 181007 ILLS 61043 JQ256426 JQ256440 JQ256452 KC222175 
Sabuloglossum arenarium OULU-F077201 GenBank GU324765 GU324764 N/A N/A 
Sabuloglossum arenarium A. Voitk 9335 GenBank GU324767 GU324766 N/A N/A 
Sarcoleotia globosa OSC 63633 GenBank AY789410 AY789409 N/A N/A 
Sarcoleotia globosa MBH 52476 GenBank AY789429 AY789428 N/A N/A 
Sarcoleotia turficola H253397 GenBank AY789278 AY789277 N/A N/A 
Spathularia flavida wz95 GenBank AF433155 AF433144 N/A N/A 
Thuemenidium 
atropurpureum ASM 4931 ILLS 61044 JQ256427 JQ256441 JQ256453 KC222176 
Thuemenidium 
atropurpureum s.n. K(M):135612 EU784253 AY789307 N/A N/A 
Trichoglossum hirsutum ANM 2233 ILLS 67355 KC222132 KC222145 KC222157 KC222177 
Trichoglossum hirsutum J. Gaisler s.n. ILLS 61045 JQ256428 JQ256442 JQ256454 KC222178 
Trichoglossum hirsutum OSC 61726 GenBank AY789314 AY789313 N/A N/A 
Trichoglossum hirsutum AFTOL-ID 64 GenBank DQ491494 AY544653 N/A N/A 
Trichoglossum hirsutum 81362 HKAS 55133 KC222133 KC222146 KC222158 KC222179 
Trichoglossum 
octopartitum JPP 10191 ILLS 61046 JQ256429 JQ256443 JQ256455 KC222180 
Trichoglossum 
octopartitum ANM 2227 ILLS 67356 KC222134 KC222147 KC222159 KC222181 
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Figure 4.1: PhyML maximum likelihood phylogeny showing the position of Geoglossum 
simile based on a combined dataset (1173 bp) of ITS and LSU DNA sequences ((-ln)L score 
= 3866.3). Numbers at nodes indicate significant BS values (>70%) based on 100 replicates; 
thickened branches indicate significant BPP (> 95%). Several species of Geoglossum and 
Glutinoglossum glutinosum are included as outgroups. Numbers associated with taxon 
names are fungarium accession numbers or strain numbers obtained from GenBank. 
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Figure 4.2: Images of material from Ft. Edward lectotype of Geoglossum simile. A: 
Macroscopic image of collection (total magnification=24x), B: Ascospores (total 
magnification=400X), C: Paraphyses (total magnification=400X). 
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Figure 4.3: Images of newly designated epitype of Geoglossum simile (CORT 005220; ILLS 
71160). A: Dried ascomata of the epitype collection; B: Ascospores (total 
magnification=320X); C: Stipe showing characteristic squamulose tufts (total 
magnification=12.5X); D: Paraphyses (total magnification=400X). 
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Table 4.1: Macro- and micromorphological characters of examined collections of 
Geoglossum simile, presented as mean ± standard deviation of 30 measurements for each 
microcharacter (with minimum/maximum values in parentheses). CA=Canada, CZ=Czech 
Republic, NL=Netherlands, SK=Slovakia, SW=Sweden, UK=United Kingdom, 
USA=United States. 
Locality  
(# of 
specimens 
measured) 
Spores 
(µm) 
Asci (µm) Paraphysis 
apical cell (µm) 
Ascomata 
length 
(mm) 
Fertile 
Hymenium 
(mm) 
Sterile 
stem 
(mm) 
CA 
(1) 
(91-)96.94-
108.58 (-
112.91) x (5-) 
6.58-8.52(-9.6) 
(169-)169.55-
205.83(-213.9) 
x (25.9-)26.5-
29.94(-30.1) 
(8.2-)9.5-13.6(-16.8) 
x (5.7-)28-7.6(-8.34) 
59 22 x 5 35 x 2.5 
CZ 
(12) 
(60-)73.1-
89.9(-108) × 
(4.7-)6.6-7.8(-
11) 
(155.8-)173.2-
197.6(-221.8) 
× (16.5-)24.2-
29.6(-36) 
(7-)9.7-14.1(-20) × 
(4-)5.1-7.3(-10) 
(21-)38-64(-78) (4-)11-19(-25) × (1-
)2-4(-4) 
(15-)26-48(-
60) × 0-2(-3) 
NL 
(1) 
(80-)85-94.6(-
100) × 6.9-
7.7(-8) 
(165-)171.4-
194.4(-200) × 
24.6-26.8(-27) 
(7-)9.8-13(-15) × (5-
)5.9-8.1(-10) 
(51-)50-58 11-13(3) × 2 39-45 × 1 
SK 
(4) 
(60-)75.1-
90.5(-100) × 
(6-)6.6-7.6(-8) 
(167-)180-
200.8(-210) × 
(23-)25-28.8(-
32) 
(7-)9.7-12.9(-16) × 
(5-)5.4-7.4(-9) 
(30-)32-66(-80) 8-22(-35) × (2-)3-5(-
7) 
(20-)21-47(-
52) × 1-3 
SW 
(3) 
(86-)88.7-
93.9(-95) × (7-
)6.8-7.6(-8) 
(185-)189.2-
207.6(-210) × 
(26-)26.9-30.9 
(-33) 
(10-)11.3-14.7(-15) × 
(6-)6.6-8.2(-9) 
70 30 × 4 40 × 1 
UK 
(1) 
(64.2-)71.4-
86.9(-97.9) 
(154-)171.3-
200.7(-212) x 
(18.9-)19.9-
22.4(-23.8) 
(6.9-)8.4-9.8(-14.1) x 
(4.1-)5.2-7.6(-9.2) 
34 13.1 x 3 26.2 x 1.4 
USA 
(8) 
(84-)90.1-
100.5(-105) × 
(6-)6.9-7.9(-8) 
(170-)178.6-
196.2(-210) × 
(25-)26.3-
31.7(-35) 
(8-)9-11.6(-14) × 5-
6.8(-8) 
(22-)45-62(-80) (3.6-)5-9(-9) × 2-4 13-21(-22) × 
1 
Ft. 
Edward 
Lectotype 
(NYS 
f2797) 
(80.2-)82.2-
89.8(-94.4) × 
(7-)6.8-7.6(-8) 
(172.3-)178.1-
199.3(-208) × 
(23.6-)25-29(-
30.7) 
(8-)9.5-13.3(-16.5) × 
(7-)6.7-8.1(-9.4) 
No data No data No data 
Epitype 
(CORT 
005220; 
ILLS 
71160) 
(75.6-)81-94(-
102) x (6.5-
)7.1-8.0(-9.1) 
(171.4-)180.1-
194.8(-205) x 
(22.3-)24.1-
27.6(-31.1) 
(7.9-)9.0-13.6(-15.7) 
x (5.4-)6-7.3(-9.5) 
(35-)33-59(-75) (6-)8.6-21(-26) x (3-
)5.1-7.4(-11) 
(21-)30-39(-
49) x (1.2-
)2.1-3.0(-
4.4) 
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Table 4.2: List of taxa, collection numbers, fungarium accession numbers and 
GenBank accession numbers for specimens used in Chapter 4. 
Taxon Name Coll/Strain # Fungarium ID ITS LSU 
Geoglossum barlae Moingeon s.n. ILLS 61034 JQ256416 JQ256433 
Geoglossum difforme V. Hustad 25 ILLS 67348 KC222123 KC222136 
Geoglossum difforme A. Methven 10498 ILLS 67349 KC222124 KC222137 
Geoglossum fallax J. Gaisler s.n. ILLS 61037 JQ256419 JQ256435 
Geoglossum glabrum A. Miller 22257 ILLS 61035 JQ256417 JQ256434 
Geoglossum glabrum J. Gaisler s.n. ILLS 67347 KC222122 KC222135 
Geoglossum glabrum OSC 60610 GenBank AY789318 AY789317 
Geoglossum simile A. Miller 2171 ILLS 61039 JQ256421 JQ256437 
Geoglossum simile A. Methven 10528 ILLS 67350 KC222125 KC222138 
Geoglossum simile M. Melicharová s.n. SAV 10129 KF854286 KF854294 
Geoglossum simile 
V. Kučera, J. Gaisler, 
V. Kautman s.n. SAV 10730 KF854287 KF854295 
Geoglossum simile 
V. Kučera, J. Gaisler, 
V. Kautman s.n. SAV 10731 KF854288 KF854296 
Geoglossum simile J. Gaisler s.n. SAV 10691 KF854289 KF854297 
Geoglossum simile V. Kučera s.n. SAV 10587 KF854290 KF854298 
Geoglossum simile I. Kautmanová s.n. SAV 9063 KF854291 KF854299 
Geoglossum simile V. Kučera s.n. SAV 9069 KF854292 KF854300 
Geoglossum simile M. Zajac s.n. SAV 10136 KF854293 KF854301 
Geoglossum simile T. Baroni 9613 
CORT 005220; 
ILLS 71160 KF944381 KF944383 
Geoglossum simile T. Galante 9 CORT 005221 KF944382 KF944384 
Geoglossum 
sphagnophilum Poumarat s.n. ILLS 67351 KC222126 KC222139 
Geoglossum 
uliginosum V. Kučera s.n. SAV 10162 KJ152695 KJ152696 
Geoglossum umbratile Mycorec 1840 GenBank AY789304 AY798303 
Glutinoglossum 
glutinosum J. Gaisler s.n. ILLS 67353 KC222129 KC222142 
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Figure 5.1: PhyML maximum likelihood phylogeny of the genus Glutinoglossum based on a 
four-gene data set (2681 bp) ((-ln)L score = 9606.77868). Individual species are indicated 
with colored boxes. Numbers at nodes indicate significant BS values (>70%) based on 1000 
replicates; thickened branches indicate significant BPP (>95%). Sabuloglossum arenarium, 
Geoglossum difforme, and Trichoglossum hirsutum are included as outgroups. Numbers 
associated with taxon names are fungarium accession numbers or strain numbers from 
specimens obtained from GenBank. 
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Figure 5.2: Micrographs of Glutinoglossum americanum. A. Ascus from dried material; B. 
Discharged ascospore; C. Paraphyses from dried material. Micrographs from holotype 
material (ILLS 67352). Bars: A–C = 10 µm. 
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Figure 5.3: Micrographs of Glutinoglossum australasicum. A. Discharged ascospores; B. 
Ascus from dried material; C. Paraphyses from dried material. Micrographs from 
holotype material (PDD 103623). Bars: A–C = 10 µm. 
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Figure 5.4: Micrographs of Glutinoglossum exiguum. A. Ascus from dried material; B. 
Discharged ascospore; C. Paraphyses from dried material. Micrographs from holotype 
material (PDD 103574). Bars: A–C = 10 µm. 
A B
C
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Figure 5.5: Micrographs of Glutinoglossum methvenii. A. Ascus from dried material; B. 
Discharged ascospore; C. Paraphyses from dried material. Micrographs from holotype 
material (PDD 103629). Bars: A–C = 10 µm. 
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C
245 
Table 5.1: List of species, collection/strain numbers, fungarium accession numbers, and 
GenBank sequence accession numbers of the specimens used in this study. 
 
 
Species 
Coll./Strai
n no. 
Fungarium 
no. ITS LSU MCM7 RPB1 
Geoglossum difforme ANM 2169 ILLS 61036 JQ256418 JN673044 JN672990 KC222162 
Glutinoglossum 
americanum ANM 2231 ILLS 67352 KC222128 KC222141 KC222153 KC222170 
Glutinoglossum 
americanum ANM 2247 ILLS 64444 KP690086 KP690098 KP690110 KP690121 
Glutinoglossum 
australasicum VPH NZ13-57 PDD 103619 KP690087 KP690099 KP690111 KP690122 
Glutinoglossum 
australasicum VPH NZ13-61 PDD 103623 KP690088 KP690100 KP690112 KP690123 
Glutinoglossum 
australasicum s.n. PDD 73996 HQ222869 N/A N/A N/A 
Glutinoglossum 
exiguum VPH NZ13-10 PDD 103574 KP690089 KP690101 KP690113 KP690124 
Glutinoglossum 
exiguum VPH NZ13-49 PDD 103611 KP690090 KP690102 N/A N/A 
Glutinoglossum 
glutinosum J. Gaisler s.n. ILLS 67353 KC222129 KC222142 N/A KC222171 
Glutinoglossum 
glutinosum ANM 2498 ILLS 72217 KP690091 KP690103 KP690114 KP690125 
Glutinoglossum 
glutinosum ANM 2476 ILLS 64446 KP690092 KP690104 KP690115 KP690126 
Glutinoglossum 
glutinosum ANM 2456 ILLS 64445 KP690093 KP690105 KP690116 KP690127 
Glutinoglossum 
glutinosum ANM 2529 ILLS 64448 KP690094 KP690106 KP690117 KP690128 
Glutinoglossum 
glutinosum s.n. HMAS 72096 HQ222870 N/A N/A N/A 
Glutinoglossum 
glutinosum 1100649 N/A N/A AY789310 N/A N/A 
Glutinoglossum 
glutinosum s.n. K(M): 135145 EU784443 N/A N/A N/A 
Glutinoglossum 
heptaseptatum J. Gaisler s.n. ILLS 63754 KC222130 KC222143 KC222155 KC222172 
Glutinoglossum 
heptaseptatum J. Gaisler s.n. K(M): 165359 KC222131 KC222144 KC222156 N/A 
Glutinoglossum 
methvenii VPH NZ13-33 PDD 103597 KP690095 KP690107 KP690118 KP690129 
Glutinoglossum 
methvenii VPH NZ13-67 PDD 103629 KP690096 KP690108 KP690119 KP690130 
Glutinoglossum 
methvenii VPH NZ13-42 PDD 103604 KP690097 KP690109 KP690120 KP690131 
Sabuloglossum 
arenarium CFR 181007 ILLS 61043 JQ256426 JQ256440 JQ256452 KC222175 
Trichoglossum 
hirsutum J. Gaisler s.n. ILLS 61045 JQ256428 JQ256442 JQ256454 KC222178 
Env. Sequence - MN 
(USA) 53-35 N/A DQ421173 N/A N/A N/A 
246 
 
Figure 6.1: PhyML maximum likelihood phylogeny showing the position of Maasoglossum 
within Geoglossomycetes based on a combined dataset (1110 bp) of ITS and LSU nrDNA 
sequences ((-ln)L score = 9595.503). Numbers at nodes indicate significant BS values 
(≥70%) based on 100 replicates; thickened branches indicate significant BPP (≥95%). 
Numbers associated with taxon names are fungarium accession numbers or strain numbers 
obtained from GenBank. Type species for genera in the Geoglossomycetes are shown in 
bold. 
 
Geoglossum glabrum ILLS 72358
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79
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90
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91
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100
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Figure 6.2: Maasoglossum aseptatum from dried holotype material (UPS:BOT:F-116948). 
A: Ascus; B: Ascospores; C: Paraphyses; D: Ascus tip lightly J+; E: Hymenium. Bars: 10 
µm. 
 
248 
 
 
Figure 6.3: Maasoglossum verrucisporum from dried isotype material (CUP-IN 000606). A: 
Ascospores; B: Paraphyses; C: Ascus; D: Transverse section of axial stipe hyphae. Bars: 10 
µm. 
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Table 6.1: List of taxa, locality, collection/strain numbers of voucher specimens, fungarium accession 
numbers, and GenBank accession numbers for specimens used in this study. Newly generated sequences are 
in bold. All other sequences are from GenBank. 
Species Locality Voucher Fungarium no. GenBank Acc. no. 
    ITS 28S 
Aspergillus 
fumigatus 
USA, Connecticut 
C. Thom 118 ATCC 1022 EF669931 U28460 
A. nidulans USA, Texas 97-726 GenBank AF078899 AF109338 
Geoglossum 
difforme 
USA, North 
Carolina ASM 10498 ILLS 67349 KC222124 KC222137 
G. glabrum Czech Republic J. Gaisler s.n. ILLS 72358 KP657559 KP657564 
G. simile USA, New York TJB 9613 ILLS 71160 KF944381 KF944383 
Glutinoglossum 
glutinosum 
Czech Republic 
J. Gaisler s.n. ILLS 67353 KC222128 KC222141 
G. heptaseptatum Czech Republic J. Gaisler s.n. ILLS 63754 KC222130 KC222143 
Graddonia 
coracina 
USA, Tennessee 
ANM 2018 ILLS 60491 JQ256423 JN012009 
Hemileucoglossum 
alveolatum 
USA, Michigan 
Imshaug 3640 MICH s.n. KP657560 KP657565 
H. littorale Denmark Lœssøe 32VNJ2704 C: 35673 KP657561 KP657566 
Leucoglossum 
durandii 
China 
s.n. HMAS 70090 HQ222875 N/A 
Maasoglossum 
aseptatum 
Sweden 
J. Nitare s.n. UPS: F-118883 KP657562 KP657567 
M. verrucisporum Bhutan Sharma 17725 CUP-IN-000606 KP657563 KP657568 
Microglossum 
olivaceum 
Unknown 
FH-DSH97-103 GenBank AY789398 AY789397 
M. rufum Unknown Ingo-Clark-Geo 163 GenBank DQ257360 DQ470981 
Nothomitra 
cinnamomea 
France 
Moingeon s.n. ILLS 61042 JQ256424 JQ256439 
Orbilia auricolor United Kingdom AFTOL-ID 906 CBS 547.63 DQ491512 DQ470953 
O. delicatula USA, Maine DHP 108 GenBank U72595 N/A 
Peziza phyllogena 
USA, 
Massachusetts WZ-Geo44-Clark GenBank AY789329 AY789328 
P. varia Unknown WZ-Geo94-Clark GenBank AY789392 AY789391 
Sabuloglossum 
arenarium 
The Netherlands 
CFR 181007 ILLS 61043 JQ256426 JQ256440 
S. arenarium Finland Ohenoja s.n. OULU-F077201 GU324765 GU324764 
Sarcoleotia 
globosa 
USA, Washington 
Trappe 26123 OSC 63633 AY789410 AY789409 
S. globosa Unknown s.n. MBH 52476 AY789429 AY789428 
Spathularia 
flavida 
Unknown 
wz95 GenBank AF433155 AF433144 
Thuemenidium 
atropurpureum 
United Kingdom 
S. Kelly s.n. K(M): 135612 EU784253 AY789307 
Trichoglossum 
hirsutum 
USA, Tennessee 
ANM 2233 ILLS 67355 KC222132 KC222145 
T. octopartitum USA, Tennessee ANM 2227 ILLS 67356 KC222134 KC222147 
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Figure 7.1: PhyML maximum likelihood phylogeny of Geoglossomycetes based on a 
combined four-gene dataset (2591 bp) ((-ln)L score = 50351.983). Clades corresponding to 
genera are indicated by color.  
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Figure 7.2: Key to figures 7.3 to 7.13. Font sizes have not been altered. Species names in 
bold italics have been examined by Hustad.  
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Figure 7.3: Closeup of Fig. 7.1, focusing on the Glutinoglossum clade. Numbers at nodes 
indicate ML BS support ≥ 70%, thickened branches indicate BPP ≥0.95. 
 
 
Figure 7.4: Closeup of Fig. 7.1, focusing on the Unknown Environmental Sequences clade. 
Numbers at nodes indicate ML BS support ≥ 70%, thickened branches indicate BPP ≥0.95. 
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Figure 7.5: Closeup of Fig. 7.1, focusing on the Brevitrichoglossum clade. Numbers at nodes 
indicate ML BS support ≥ 70%, thickened branches indicate BPP ≥0.95. 
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Figure 7.6: Closeup of Fig. 7.1, focusing on the Trichoglossum clade. Numbers at nodes 
indicate ML BS support ≥ 70%, thickened branches indicate BPP ≥0.95. 
 
 
Figure 7.7: Closeup of Fig. 7.1, focusing on the Sabuloglossum clade. Numbers at nodes 
indicate ML BS support ≥ 70%, thickened branches indicate BPP ≥0.95. 
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Figure 7.8: Closeup of Fig. 7.1, focusing on the Geoglossum I clade. Numbers at nodes 
indicate ML BS support ≥ 70%, thickened branches indicate BPP ≥0.95. 
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Figure 7.9: Closeup of Fig. 7.1, focusing on the Leucoglossum clade. Numbers at nodes 
indicate ML BS support ≥ 70%, thickened branches indicate BPP ≥0.95. 
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Figure 7.10: Closeup of Fig. 7.1, focusing on the Geoglossum II clade. Numbers at nodes 
indicate ML BS support ≥ 70%, thickened branches indicate BPP ≥0.95. 
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Figure 7.11: Closeup of Fig. 7.1, focusing on the Hemileucoglossum clade. Numbers at 
nodes indicate ML BS support ≥ 70%, thickened branches indicate BPP ≥0.95. 
 
 
Figure 7.12: Closeup of Fig. 7.1, focusing on the Sarcoleotia and Nothomitra clade. 
Numbers at nodes indicate ML BS support ≥ 70%, thickened branches indicate BPP ≥0.95. 
 
 
Figure 7.13: Closeup of Fig. 7.1, focusing on the Maasoglossum clade. Numbers at nodes 
indicate ML BS support ≥ 70%, thickened branches indicate BPP ≥0.95. 
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Figure 7.14: Brevitrichoglossum costaricensis from dried material (ANM 2535). A: Ascus; 
B: Ascospores; C: Paraphyses. Bars: 10 µm. 
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Figure 7.15: Brevitrichoglossum farlowii from dried material (ANM 2110). A: Ascus; B: 
Ascospores; C: Paraphyses. Bars: 10 µm. 
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Figure 7.16: Brevitrichoglossum johnstonii from dried material (PDD 80333). A: Ascus; B: 
Ascospores; C: Paraphyses. Bars: 10 µm. 
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Figure 7.17: Brevitrichoglossum mainsii from dried material (ILLS 61047). A: Ascus; B: 
Ascospores; C: Paraphyses. Bars: 10 µm. 
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Figure 7.18: Trichoglossum walteri from dried material (PDD 78181). A: Ascus; B: 
Ascospores; C: Paraphyses. Bars: 10 µm. 
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Figure 7.19: Geoglossum alpinum from dried material (UPS:BOT:F-118886). A: Ascus; B: 
Ascospores. Bars: 10 µm. 
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Figure 7.20: Geoglossum aotearoae from dried material (ANM 2110). A: In situ; B: Ascus; 
C: Ascospores; D: Paraphyses. Bars: 10 µm. 
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Figure 7.21: Geoglossum barlae from dried material (ILLS 61034). A: Ascus; B: 
Ascospores; C: Paraphyses. Bars: 10 µm. 
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Figure 7.22: Geoglossum cookeanum from dried material (ANM 2110). A: Ascus; B: 
Ascospores; C: J+ ascus tip; D: Paraphyses. Bars: 10 µm. 
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Figure 7.23: Geoglossum dolenskyi from dried material (ILLS ANM Acc 485). A: Ascus; B: 
Ascospores; C: Paraphyses. Bars: 10 µm. 
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Figure 7.24: Geoglossum fallax from dried material (ILLS 61037). A: Ascus; B: 
Ascospores; C: Paraphyses. Bars: 10 µm. 
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Figure 7.25: Geoglossum glabrum from dried material (ILLS ANM Acc 503). A: Ascus; B: 
J+ ascus tip; C: Ascospores; D: Paraphyses. Bars: 10 µm. 
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Figure 7.26: Geoglossum muelleri from dried material (PDD 94761). A: Ascus; B: 
Ascospores; C: Paraphyses. Bars: 10 µm. 
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Figure 7.27: Geoglossum novaezealandicum from dried material (PDD 103590). A: Ascus; 
B: Ascospores; C: Paraphyses. Bars: 10 µm. 
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Figure 7.28: Geoglossum peckianum from dried material (ILLS 67348). A: Ascus; B: 
Ascospores; C: Paraphyses. Bars: 10 µm. 
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Figure 7.29: Geoglossum prioui: from dried material (ILLS 67351). A: Ascus; B: 
Ascospores; C: Paraphyses. Bars: 10 µm. 
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Figure 7.30: Geoglossum similoides from dried material (PDD 103589). A: Ascus; B: 
Ascospores; C: Paraphyses. Bars: 10 µm. 
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Figure 7.31: Geoglossum turzae from dried material (PDD 103621). A: In situ; B: Ascus; C: 
Ascospores; D: Paraphyses. Bars: 10 µm. 
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Figure 7.32: Geoglossum vleugelianum from dried material (ILLS ANM Acc 420). A: 
Ascus; B: Ascospores; C: Paraphyses. Bars: 10 µm. 
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Figure 7.33: Hemileucoglossum alveolatum from dried material (ILLS ANM Acc 649). A: 
Ascus; B: Paraphyses; C: Ascospore; D: Agglutinated Paraphyses. Bars: 10 µm. 
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Figure 7.34 Hemileucoglossum australensis from dried material (PDD 103612). A: Ascus; 
B: Ascoconidia; C: Ascoconidia produced in the ascus; D: Agglutinatted paraphyses; 
E:Ascospores. Bars: 10 µm. 
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Figure 7.35 Hemileucoglossum mutabile from dried material (SAV 10530). A: Ascus; B: 
Paraphyses; C: Ascospores; D: Agglutinated Paraphyses. Bars: 10 µm. 
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Figure 7.36: Hemileucoglossum warrenensis from dried material (ILLS 73036). A: In situ; 
B: Paraphyses; C: Ascus; D: J+ ascus tip; E: Ascospores; F: Agglutinated paraphyses. 
Bars: 10 µm. 
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Figure 7.37: Leucoglossum thailandicum from dried material (MFLU 12-0770). A: Ascus; 
B: Ascospores; C: Paraphyses. Bars: 10 µm. 
 
 
283 
 
Figure 7.38: Sabuloglossum hakelieri from dried material (UPS:BOT:F-013937). A: Ascus; 
B: Ascospores; C: Paraphyses. Bars: 10 µm. 
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Figure 7.39: Trichoglossum beninensis from dried material (BR5020074861746). A: Ascus; 
B: Trichome; C: Ascospores; D: Paraphyses. Bars: 10 µm. 
 
 
285 
 
Figure 7.40: Trichoglossum hirsutum from dried material (ILLS ANM Acc 602). A: Ascus; 
B: Ascospores; C: Paraphyses. Bars: 10 µm. 
 
286 
 
Figure 7.41: Trichglossum rasum from dried material (ANM 2110). A: In situ; B: Ascus; C: 
Ascospores; D: Paraphyses. Bars: 10 µm. 
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Figure 7.42: Trichoglossum variabile from dried material (ANM 2110). A: Ascus; B: 
Trichome; C: Ascospores; D: Paraphyses. Bars: 10 µm. 
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